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a b s t r a c t
An investigation of performance for conventional single slope solar still with different surface geom-
etry of basin absorber is reported in this article. Variation in surface geometry of the basin and its 
consequent effect on the hourly yield of the still is evaluated theoretically and compared with a 
conventional single slope solar still with unit basin absorber area as reference. An investigation of 
solar still with conventional (1 m2), wire mesh large (1.004 m2), wire mesh small (1.13 m2), triangu-
lar cuts (1.29 m2), semi cylindrical troughs (1.59 m2), triangular corrugations (1.71 m2), hemispheri-
cal depressions (1.79 m2) and parabolic trough (1.80 m2) as basin surface area value is investigated 
theoretically and wire mesh large, wire mesh small cases are also investigated experimentally. The 
mathematical model is utilized for arriving at respective heat transfer coefficient and hourly distil-
late yield values. The best suitable geometry of the still basin is reported based upon increment in 
heat transfer coefficients and hourly yield. The theoretical analysis is performed using MATLAB 
R2015a for climatic conditions of Raipur Chhattisgarh India for the month of June 2021 and the 
weather data is taken from the Indian Metrological Department (IMD), Pune, India. The cumula-
tive hourly yield as obtained with respect to their respective surface area values is found to be 3.94, 
4.31, 4.76, 5.68, 6.79, 7.35, 7.25 and 7.36 L corresponding to conventional, wire mesh large, wire mesh 
small, triangular cuts, semi cylindrical troughs, triangular corrugations, hemispherical depres-
sions and parabolic trough respectively. The maximum deviation between the mathematically 
obtained and experimental values of hourly yield values is found to be 13.5% while the maximum 
deviation between the cumulative daily distillate yield is found to be 13.23% for wire mesh large.

Keywords:  Solar stills; Basin surface geometry; Triangular cuts; Hemi spherical depressions; Parabolic 
trough

1. Introduction

Water is not only a source to fulfil all our biological 
needs but also a crucial sink for all the by-products of our 
daily activities. In near future its availability may also be 
limited by the degree to which it has been polluted over or 
underground. Since the major fraction of the water, just over 
half the total sustainable freshwater runoff does not make 

it back to the system, recycling and purification are the 
only paths remaining ahead to sustain human life on this 
planet. Water purification through reverse osmosis (RO) is 
currently the most popular technology to quench the thirst 
of the population in major parts of the globe. Being energy- 
intensive and polluting in nature, RO water purification 
needs a supplement and a replacement, if possible, with a 
more sustainable and eco-friendly technology that can be 
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made available to all. One such promising technology on 
horizon is solar water distillation. It is simple, cost-effec-
tive, free to operate, highly scalable and has a low payback 
period compared to other purification technologies. The 
growing popularity of the solar technologies has resulted 
in a quest to minimise the only inherent drawback of the 
technology that is its inconsistent and unreliable nature of 
availability. Another major drawback holding back solar 
technology is technological inability to convert it to the 
useful form with a considerable efficiency. The scientist 
around the globe strive to improve the performance of the 
solar powered devices including solar stills. The still perfor-
mance in terms of hourly, daily and annual distilled water 
yield depends upon numerous environmental factors and 
some key design parameters. Since the former cannot be 
controlled, the later has to be exploited in the best possi-
ble manner to extract maximum output from the prevail-
ing environmental conditions. One of the means to improve 
the solar still yield is to augment the solar still basin sur-
face geometry for improving heat transfer rates between the 
basin absorber and water. The present work has discussed 
a few of the methods to achieve higher basin surface area in 
order to achieve higher heat transfer rates and hence corre-
sponding gain in hourly and daily yield.

The solar still design, thermal modelling and its appli-
cations are presented by Tiwari [1] and is the foundation 
for in-depth study of factors affecting solar still perfor-
mance including the effect of surface area variation in solar 
devices upon their performance. In a fundamental study 
with respect to basin absorber material, Karthikeyan [2] 
has concluded that copper with its high value of thermal 
conductivity is more suitable than mild steel for the basin 
absorber fabrication. Fin addition to the solar still basin 
has a significant positive effect on the rate of basin water 
evaporation and can gain up to 53% in daily yield [3]. In a 
study by Modi and Jani [4] the increment in basin surface 
area by 23.78% has led to an average daily yield improve-
ment of the order of 47.35% over the conventional double 
slope solar still. An experimental investigation on the per-
formance of a pin finned wick absorber solar still by Alaian 
et al. [5] showed 23% productivity enhancement. Elshamy 
and El-Said [6] have presented a tubular solar still where 
the productivity is enhanced by 26.47% using semi-circu-
lar corrugated absorber against flat absorber geometry. 
Jani and Modi [7] have studied the effect of circular and 
square cross sectional hollow fins for variable water depth 
in the basin of a solar still and have found the circular 
fins to be superior than the square fins by a maximum of 
54.22% in terms of daily desalinated water yield. Hafs et al. 
[8] have studied the rectangular, triangular and spheri-
cal corrugations in the solar still basin absorber and have 
hailed the use of rectangular corrugations over the other 
two configurations for domestic purposes. Kabeel et al. [9] 
have demonstrated for a reversed solar collector coupled 
with a hemispherical solar still that a v-corrugated basin 
surface results into a higher water surface area in contact 
with the basin. This leads to higher water temperature 
and consequently 68.82% higher yield compared to tra-
ditional flat basin hemispherical solar still. Darbari and 
Rashidi [10] have presented a theoretical model for yield 
improvement of a solar still by implementation of three 
different floating absorber geometries and have concluded 

the semi-circular shape as the best for achieving the highest 
yield value that is 65% higher than the conventional still. 
The model is validated using the experimental analysis 
by Agrawal and Rana [11] who have evaluated multiple 
V-shaped floating wicks for a single slope solar still. The 
increment in evaporative surface area by implementa-
tion of V-shaped wicks by 26% helped the solar still to 
achieve a gain in daily efficiencies by 56.62% and 47.75% 
in summer and winter respectively. In another attempt to 
augment solar still performance, Shalaby et al. [12] have 
investigated a solar still equipped with phase change 
material and V-type corrugations to enhance the distillate 
yield of a solar still and have obtained a 12% increment in  
daily yield.

The corrugated basin surface can also lead to a sig-
nificant improvement in productivity up to 55.36% com-
pared to a conventional solar still [13] and hence can be 
applied for solar still performance improvement. With fin 
integration an average of 40% improvement in yield can 
be obtained while the corrugated basin surface can result 
a 21% improvement in yield over a conventional still [14]. 
Apart from fins, sponges and wicks too can augment solar 
still productivity and can achieve productivity improve-
ment of the order of 45.5%, 15.3% and 29.6%, respectively 
[15]. Fin height increment has a positive effect on the 
productivity while the fin thickness adversely affects the 
productivity. Also increasing the number of fins increases 
the shadow area and hence adversely affects the yield 
[16]. Despite the shadow effect, the fins have been found 
to improve yield by increasing the surface area of water 
in the basin and hence ensuring a quick start up with 
enhanced evaporation rates. The fins are also observed 
to reduce the bottom and side heat losses occurring in a 
conventional solar still [17]. The pin fin arrangement in 
the basin can result into a gain in productivity by 14.53% 
compared to a conventional still. The pin fins are found 
to boost the greenhouse effect in the solar still cavity thus 
boosting the rate of evaporation of basin water [18]. The 
total production rate of distilled water can be improved 
by 48.9% by means of a water coral fleece with stepped 
wire mesh absorber [19]. Addition of a PCM reservoir 
can also boost the solar still productivity when coupled 
with pin fins by 30% [20]. The use of blackened sponge in 
the basin absorber is found to yield good results during 
overcast and nocturnal periods for the solar still [21].

The above literature has widely highlighted the positive 
effect of surface area addition in solar still basin for perfor-
mance appraisal. Hence the present work intends to present 
a detailed theoretical and experimental investigation into 
the effect of surface area gain by modification of basin sur-
face geometry. The shadow effect for the fins into the basin 
is prominent at smaller solar altitude angles [22]. Hence this 
analysis is entirely presented for the month of June when the 
solar altitude angle is approximately highest for the year. 
A total of eight different cases with seven different modifi-
cations based upon their individual merit is investigated 
here for performance evaluation in terms of heat transfer 
coefficients occurring in the still and consequent hourly 
distilled water yield improvement. The basin modifications 
presented here are wire mesh large, wire mesh small, trian-
gular cuts, semicylindrical troughs, triangular corrugations, 
hemispherical depressions and parabolic troughs.
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2. System description

2.1. Theoretical analysis system description

A theoretical performance analysis of a single slope 
solar still with seven different basin surface geometries 
apart from the conventional plane surface geometry is pre-
sented in this work. Apart from flat basin of conventional 
solar still, the geometries under consideration for theoret-
ical analysis here are wire mesh large (wire meshL), wire 
mesh small (wire meshS), triangular cuts, semicylindrical 
troughs (semi cyl. trough), triangular corrugations (tri cor-
rugations), hemispherical depressions (hemi S. depressions) 
and parabolic troughs. The surface geometries are designed 
to contain 50 kg of basin water spread over a unit projected 
basin area and hence the heat transfer surfaces have been 
maximised for the given physical dimensions of the pro-
jected basin area and volume of the water in the basin. As 
the objective of the present work is to analyse the impact 
of basin surface geometry on the distilled water yield, the 
geometries chosen are simple (limited to regular poly-
gons and shapes) for the purpose of simplifying the sur-
face area and heat transfer calculations and more intricate 
geometries are proposed to be analysed further in future. 
Aluminium is chosen as the surface material placed over 
the galvanised iron (GI) sheet basin since it has a consid-
erably higher thermal conductivity compared to the GI 
sheet used for the remaining parts of the still. The incident 
radiation passing through the gaps in case of perforations 
and wire mesh respectively is considered to be received by 
the GI sheet basin at the bottom. The performance char-
acteristics of the modified still are compared with a con-
ventional single slope solar still for June 1, 2021 at Raipur  
Chhattisgarh India.

2.2. Experimental setup fabrication and description

The experimental setup for single slope conventional 
solar still as presented here for the analysis is fabricated 
out of white PVC boards as outer and GI sheet as the basin 
and interior structure. The 4 mm thick float glass incli-
nation cover is taken to be 23° with horizontal as per the 
geographical latitude of Raipur Chhattisgarh India. The 
conventional still basin absorber is made up of black painted 

plain GI sheet as the basin material without any modifica-
tion to the geometry. The modified geometry solar still con-
sists of the conventional solar still with placement of wire 
mesh arrangement as shown in Fig. 1.

The setup is operated for three consecutive days and 
the water lost in the form of distillate output is made up 
by adding equivalent quantity of water at the end of each 
day. This eliminates the need for a makeup water or feed-
ing tank. The basin is fabricated to have unit projected area 
of the basin absorber upon which two of the chosen wire 
mesh geometries are placed on consecutive days for exper-
imental observations. The still operation between 0700 
and 1,800 h is only considered for the present analysis and 
the values recorded before and beyond this duration are 
neglected. The wire mesh is made up of aluminum and is 
framed in wooden supports for its placement in the basin. 
The hourly distillate yield observations are tabulated and 
recorded every hour for the stipulated duration. A detailed 
description of the wire mesh arrangement is presented in 
the succeeding section of this article. The physical dimen-
sions of the conventional solar and other material details 
are provided in Table 1 and the wire mesh dimensions are 
described in Table 2. The two wire mesh configurations are 
shown in Fig. 2. The larger wire mesh is seen placed behind 
the smaller wire mesh in this figure.

Improving the solar radiation absorption at the basin 
absorber affects the solar still productivity significantly, 

 

Fig. 1. Conventional solar still setup and wire mesh placement in the basin.

Table 1
Physical details for solar still setup fabrication

Criteria Values, type

Outer structure construction material PVC board, 17 mm 
thick

Basin material GI Sheet
Glass thickness and type 4 mm float glass
Basin absorber surface finish Matt black
Insulation Polyurethane sheet, 

41 mm thick
Mass of water in the basin 50 kg
Glass cover inclination angle 23°
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since the otherwise loss of the solar radiation to the ambi-
ent can be more effectively utilized to heat the basin water 
[23]. Also, an increment in basin surface area leads to higher 
water temperature hence higher yield [13]. Thus, increase 
in basin surface area is a simple strategy to improve solar 
still distillate yield. In the present work, a few of the sim-
ple yet effective means of increasing the basin surface 
area have been investigated for their respective impact on 
the solar still performance.

3. Procedure adopted for the analysis

The procedure adopted for theoretical and exper-
imental analysis is presented in the flow diagram in 
Fig. 3 and the sequence of cases considered for the pres-
ent theoretical and experimental analysis is presented in  
Table 2.

 

Fig. 2. Large and small wire mesh (wire meshL and wire meshS) 
for the basin.

 

Fig. 3. Procedure adopted for experimental and theoretical analysis.

Table 2
Chronological order of the theoretical and experimental analysis 

Day Basin heat transfer area (m2) Basin type Analysis type 

June 1 1 Conventional plain basin absorber
Experimental

Theoretical

June 2 1.04 Wire mesh large (16 mm CTCD)
June 3 1.13 Wire mesh small (2 mm CTCD)
June 1 1.29 Triangular cuts (equilateral, 0.01 m side length)

Theoretical
June 1 1.59 Semi cylindrical troughs (0.1268 m base diameter, 8 rows)
June 1 1.71 Triangular corrugations (right angled, 0.08 m side length, 6 rows)
June 1 1.79 Hemispherical depressions (0.19 m diameter, 28 depressions)
June 1 1.80 Parabolic troughs (0.078 m depth, 0.33 m latus rectum, 3 rows
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4. Instrumentation for experiments

Since the present work also compares the theoretical 
distillate yield for the wire mesh configurations with the 
experimentally obtained hourly distillate yield, the distillate 
output is measured by the weighing machine and measuring 
flask as shown in Fig. 4. The instrument error as obtained 
from the calibration data provided by the manufacturer 
is presented in Table 3.

The standard error “u” that can be arrived at by using 
standard error as provided by the calibration data for the 
above instruments can be calculated by the Eq. (1) [7]:

u a
=

3
 (1)

where a is the instrument accuracy obtained from instru-
ment calibration data.

5. Surface geometries chosen

The following geometrical configurations are proposed 
for the analysis:

5.1. Wire mesh (large and small)

A wire mesh can be a simple yet effective way to 
increase the basin surface area and hence improve the 
solar still yield. In the present manuscript, two wire mesh 
configurations have been implemented for the theoretical 

and experimental analysis. The configurations are named 
large and small based upon the wire diameter and the cen-
ter-to-center distance (CTCD) between the consecutive 
wires. The large wire mesh (wire meshL) consists of a CTCD 
0.016 m for a 0.001 m wire diameter. The surface area thus 
obtained is found to be 1.004 m2. The calculations for net 
effective area for heat transfer for the wire mesh is presented 
in Appendix 1. The surface area so obtained for small wire 
mesh (wire meshs) is found to be 1.13 m2 for a CTCD value of 
0.002 m and wire diameter of 0.005 m.

5.2. Triangular cuts (equilateral)

Fig. 5 shows the triangular geometry in the basin for 
increasing the surface area of the absorber. For this config-
uration of basin surface, an optimum number of equilat-
eral triangular sections are removed from the aluminium 
plate so as to maximise the absorber surface area as in 
the previous case of wire mesh. The equilateral triangle 
is said to be the geometric figure with maximum surface 
area for a given perimeter hence for a given side length, 
the area of a single equilateral triangle removed from the 
basin surface is maximum. The maximum area removal 
allowed is 50% of the basin surface here since utilising 
the entire basin surface for the triangular cuts makes the 
case same as wire mesh. Hence for the above reason and 
to maintain the structural integrity of the plate, only the 
half the plate surface is utilised for the triangular cuts. 
Thus, for a side length of 0.01 m a total of 11547 such tri-
angles can be carved out of the plate to attain a maximum 
heat transfer area of 1.34 m2.

Out of all the chosen dimensions for the triangle, an 
equilateral triangle with side length 0.01 m is chosen after 
analysing the effect of side length and number of triangles 
upon the total area of the basin absorber and increment 
in area. The increment in heat transfer surface is obtained 
in the form of increase in surfaces due to the perimeter of 
the triangles removed. The plate thickness considered here 
is 0.001 m and the surface area calculations are presented 
in Appendix 1.

5.3. Triangular corrugations

While the previous two basin absorber geometries are 
result of modifications in planar geometries, the one pre-
sented here is a three dimensional where the basin absorber 
surface is protruded in a right triangular projection above 
the basin. The geometry presented in this section and other 
forthcoming sections have been designed for a constant 
mass of 50 kg basin water. The configuration that can accom-
modate 50 kg water mass for the maximum surface area has 
been chosen as appropriate here. The right-angled triangle 

Fig. 4. Weighing machine for measuring distillate yield.

Table 3
Instrument error

Instrument/sensor Weighing scale Dr. trust (517) (kg)

Range 0–10
Accuracy (a) ±0.05
Standard error (u) 0.0288
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[7] so obtained has a base side length equal to its vertical 
height and hence the increment in surfaces is a result of 
extended surfaces of vertical side and the slant side (hypot-
enuse). The longest side is assumed to face south so as to 
compensate for the solar radiation blockage due shadow 
caused by the projections. The rows are placed one base 
length apart so as to further reduce the effect of shadow on 
to the adjacent row. This implies that the 50% of the basin 
area is left unaltered in this case. The number of projected 
triangular rows that can accommodate a volume of 50 L 
(or 50 kg) of basin water within the solar still cavity as pre-
sented in Fig. 6 is found to be six for a base side length of 
0.08 m resulting into a net gain of heat transfer area by a 
value of 71% hence the net effective heat transfer area avail-
able in this case is 1.71 m2. The water is assumed to be filled 
exactly up to the vertex of the triangle. Here the maximum 
depth is found to be 0.08 m. The adverse effect of increase 
in water depth is negated by the fact that this is not a con-
stant depth case as in conventional stills and at its minimum, 
depth of water can be said to be zero near the vertex of the 
projections. The surface area calculations for this case are 
presented in Appendix 1. Fig. 6 has a detailed description 
of the physical dimensions of the corrugations.

5.4. Hemispherical depressions

One of the major drawbacks with the surface area incre-
ment by means of projections above the basin is the shadow 
that is cast on to the adjacent surfaces. This may reduce 
the surface area available for effective interception of inci-
dent solar radiation. To overcome this, the projections may 

be oriented in the opposite direction and can be made into 
depressions. One such simple configuration is presented 
here. Since circles can only occupy 78.5% of a square area 
in which they are inscribed, to avoid overlapping of the 
circles, the depressions here are hemispherical with 78.5% 
of basin surface area occupied by the circles projected as 
the opening of the depressions. The maximum surface area 
obtained in this case is found to be 1.79 m2 corresponding to 
a diameter/depth value of 0.19 m with 28 such depressions 
possible in the basin surface. In this case the basin water is 
assumed to be filled into the depressions. Extensive study 
of heat transfer phenomenon in such cases may be of great 
interest however the same is beyond the purview of the 
work presented in the current manuscript. The surface area 
calculation for this case is presented in Appendix 1. Fig. 7 
represents the dimensions of the hemispherical depressions.

5.5. Semi cylindrical trough

Semi cylindrical troughs are another arrangement alter-
nate to hemispherical depressions to increase the heat trans-
fer surfaces in the present analysis. The troughs have an 
inherent advantage over the hemispherical depressions that 
they can accommodate same volume of water for a smaller 
value of maximum water depth. The maximum water depth 
in case of hemispherical depressions is found to be 0.19 m 
for 50 kg water mass while for the semi cylindrical troughs, 
the maximum water depth is found to be 0.12 m for a net 
gain of 59% of extended heat transfer surface. The reduc-
tion in maximum water depth is 36.8% compared to hemi-
spherical depressions while the surface area is reduced by 

 

Fig. 6. Triangular corrugations for increemnt of heat transfer area.

Fig. 5. Triangular cuts for extending the heat transfer area.
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a value of 11.1%. The water is assumed to be filled up to 
the meeting edge of adjacent troughs. The surface area cal-
culations are presented in Appendix 1 for the present case. 
Fig. 8 represents the semi cylindrical trough dimensions.

5.6. Parabolic trough

Parabolas can be extremely efficient in yielding a very 
high value of surface area for a given volume of the trough. 
The present analysis does not include the parabola character-
istics from the focus and optical concentration point of view 
since they are painted black to maximize their absorptivity 
value and in the present analysis the parabola is consid-
ered to be only a method to achieve higher value of addi-
tional heat transfer surface. The semi cylindrical trough has 
a smaller value of maximum water depth, at cost of smaller 
value of surface area also. A parabola can offer the smaller 
water depth with higher value of surface area available for 
heat transfer. In the present case, three parabolic troughs 
with latus rectum value equal to 0.33 m that can accom-
modate 50 kg of water can offer a net surface area value of 
1.80 m2 for a maximum water depth value of 0.078 m. This is 
the highest value of the surface area among all the cases pre-
sented here. The detailed surface area calculation for this case 
is presented in Appendix 1. Fig. 9 represents the dimensions 
of the parabolic trough. The unit for the physical dimen-
sions of the drawings in the manuscript are in mm:

6. Assumptions for mathematical modelling

For the purpose of simplification of the proposed ana-
lytical model, the following assumptions were made to 
arrive at the energy balance equation of the still components:

a. The temperature of the absorber is assumed to be same 
throughout the basin.

b. The heat capacity of absorber, glass cover and bottom 
insulation are neglected.

c. One dimensional heat conduction is considered for the 
present modeling.

d. The present modeling is based upon quasi-steady state.

7. Mathematical modelling

The mathematical modelling for the theoretical analysis 
is based upon the conventional solar still model developed 
by Mishra et al. [24]. All the equations for the conventional 
solar still are applicable for this case hence the thermal 
model only incorporates the extended basin surface area 

for heat transfer purposes. The design parameters for the 
solar still are provided in Table 4.

• Solar radiation fraction, absorbed by glass cover, 
water mass and basin liner are given as � � �� � �g w b, and , 
respectively.

� � �� �� �g g gR1  (2)

� � �� � �� � �� �� � �w g g w wR R1 1 1  (3)

� � �� � �� � �� � �� �� � � �b b g g w wR R1 1 1 1  (4)

• Convective heat transfer coefficient, between glass sur-
face and ambient.

 
Fig. 7. Hemispherical depressions for heat transfer surface increment.

 

 
Fig. 8. Semi cylindrical troughs for heat transfer area gain.

  

 
Fig. 9. Parabolic troughs for heat transfer surface extension.
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h Vcg � �2 8 3 0. .  (5)

• Temperature of sky.

T Tasky � � 6  (6)

• Radiative heat transfer coefficient, from glass surface to 
sky.

h
T T

T T

g g

g a
rg

sky
�

�� � � �� ��
��

�
��

�� �
� � 273 273

4 4

 (7)

• Combined (convection + radiation) heat transfer coeffi-
cient, outer surface of glass.

h h hg1 � �cg rg  (8)

• Partial pressure at basin water surface.

P ew
Tw=

−
+







25 317 5 144

273
. ,

 (9)

• Partial pressure at glass inner surface.

P eg
Tw=

−
+







25 317 5 144

273
. ,

 (10)

• Convective heat transfer coefficient, from water surface 
to glass cover.

h T
P T

T
P

Pw g
w g w

w
cw � � �
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� �

�

�

�
�

�

�

�
�

0 884
273

268 9 103

1 3

.
.

/

 (11)

• Evaporative heat transfer coefficient, from water surface 
to glass cover.

h h
P
T

Pw g

w g
ew cw T
� �

�

�
�16 273 10 3.  (12)

• Effective emissivity between water surface and glass 
surface.

�
� �eff � � �
�

�
�
�

�

�
�
�

�

1 1 1
1

g w

 (13)

• Radiative heat transfer coefficient, from water surface to 
glass plate.

h T T T Tw g w grw eff� �� � � �� ��
��

�
��
� � ��� ��� � 273 273 546

2 2
 (14)

• Total internal heat transfer coefficient.

h h h hw1 � � �cw ew rw  (15)

• Combined (convective + radiative) heat transfer coeffi-
cient, bottom.

h Vcrb � �5 7 3 8. .  (16)

• Heat transfer coefficient (conductive + convective + radi-
ative) through bottom.

h
L
K hb
i

i

� �
�

�
�

�

�
�

�
1

1

crb

 (17)

• Temperature of basin liner.

T
I t T T

h
h h
hb

b w w b a

w b

�
� � � � �

�

�
 (18)

• Bottom heat loss coefficient.

U
h h
h hb

w b

w b

�
�

 (19)

• Top heat loss coefficient, from water surface to ambient.

U
h
h

h
ht

w g

w g

�
�

�
1 1

1 1

 (20)

• Overall heat loss coefficient.

Table 4
Design parameters

Parameter Value

Ab, m2 1
hw, W/m2 100
Kg, W/m K 0.816
Lg, m 0.004
Ki, W/m K 0.166
Li, m 0.100
Kabs, W/m K 6
Labs, m 0.002
Li, m 0.100
Cw, J/kg K 4200
hi, W/m2 2.8
αabs 0.8
Uabs,amb, W/m2 K 4.8
τg 0.95
α’g 0.0095
α’w 0.1787
α’b 0.5861
Mw, kg 50
V, m/s 4.11
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U U UL b t� �  (21)

• Value of factor.

a
UL

w

� � �MC
 (22)

• Value of factor

�� � � �� � � �
�

� � � �
�eff b

w

w b
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• Rate of evaporative heat loss.
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When Twavg < 70°C;

• Latent heat of water.
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When Twavg < 70°C;

• Hourly distillate output.
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The merit of this work lies in effective utilization of the 
basin area by addition of surfaces through geometric modi-
fications. The area of the basin receiving the solar radiation 
remains constant while the effective area of heat transfer 
is higher due to the surface addition and modification.

8. Results and discussion

8.1. Solar radiation and ambient temperature variation

The incident solar radiation and ambient temperature 
data are taken from IMD Pune, India. Fig. 10 shows the 
solar radiation and ambient temperature variation for the 
days considered for the analysis. June 1 is chosen as the day 
for the conventional solar still performance analysis theo-
retically and experimentally. The hourly solar radiation 
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and ambient temperature variations for June 1 are applied 
for all the other cases of theoretical investigations while 
experimental and theoretical analysis for large wire mesh 
and small wire mesh are carried out for the radiation and 
ambient temperature data sets of the corresponding days of 
June 2 and 3 respectively. The peak solar radiation inten-
sity for the three respective days is observed as 976, 978 and 
976 W/m2 at 1,300 h on all the days. The highest recorded 
ambient temperature is observed at the peak sunshine 
hours and are found to be 48.3, 47.2 and 48.7 at 1,300 h on 
all the three days as well.

8.2. Basin temperature variation with time

The basin absorber temperature is the most critical ther-
mal parameter that determines all the other operational 
parameters of a conventional solar still operating under 
passive mode. Fig. 11 represents the basin temperature 
variation with respect to time for all the eight basin con-
figurations. The basin water mass of 50 kg for all the cases 
is found to cause a shift in the peak basin temperature val-
ues to occur at 1,600 h instead of corresponding peak of 

the incident solar radiation observed at 1,300 h as shown 
in Fig. 10. The basin absorber temperature value trends for 
all the cases here are found to be in close proximity to each 
other for the early hours of 0700 to 0900 due to initial warm 
up time required for the basin water to achieve heat transfer 
towards glass surface. This is also evident from Figs. 12–15 
where the difference between the heat transfer coefficient 
values is differentiable beyond 0900 h only. The role of basin 
surface area is observed to be significantly visible beyond 
1,000 h when the setup has started generating differen-
tiable distillate yield as per Fig. 16.

The highest basin temperature value of 95°C for the 
entire duration is obtained by the triangular corrugation 
basin at 1,600 h. Compared to the conventional solar still, this 
is an increment of 15.9%. The highest temperature achieved 
by hemispherical corrugations absorber plate in present 
case is 94.1°C that is 25.4% and 17.6% higher than the water 
temperature reported by Darbari and Rashidi [10] and Hafs 
et al. [8] for semicircular shaped tooth and rectangular fins 
respectively as means of enhancing the absorber surface 
area. This is only 0.7°C higher than the peak temperature 
value for the parabolic trough with highest value of heat 
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transfer surface area. The peak basin temperature values for 
conventional, wire mesh large, wire mesh small, triangu-
lar cuts, semi cylindrical troughs, triangular corrugations, 
hemispherical depressions and parabolic trough are found 
to be 81.9°C, 83.1°C, 83.8°C, 88.0°C, 92.7°C, 95°C, 94.1°C and 
94.3°C respectively, all occurring at 1,600 h. The basin tem-
perature value depreciates after 1,600 h due to diminishing 
incident solar radiation as heat input and thermal loss in 
the form of distillate output.

8.3. Basin absorber and water temperature difference variation 
with respect to time

As reported by Tiwari [1] most of the incident solar 
radiation is received by the basin absorber after attenua-
tion by the water mass. The attenuation is reported to be 
a function of water absorptivity and depth. Most of the 

heat as received by the absorber is convected back to the 
water while a small fraction is lost to the ambient in the 
form of bottom loss. As per Eq. (19), the bottom loss coef-
ficient depends upon the heat transfer coefficient between 
still bottom and ambient, this in turn depends upon the 
temperature difference between basin absorber and ambi-
ent. From Eqs. (18) and (19) it can be inferred that the ris-
ing basin temperatures lead to a higher value of bottom 
losses and hence the trend as observed in Fig. 12 depicts 
that the temperature difference between water and basin 
ΔTbw trend is corresponding to the basin temperature trend 
as in Fig. 11. The ΔTbw values are observed to be increasing 
throughout the day for all the cases and the highest tem-
perature difference between the basin absorber and water 
is found to occur at 1,800 h for all the cases under consid-
eration. The peak ΔTbw values for conventional, wire mesh 
large, wire mesh small, triangular cuts, semi cylindrical 
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troughs, triangular corrugations, hemispherical depressions 
and parabolic trough are found to be 4.1°C, 4.2°C, 4.4°C, 
4.8°C, 5.1°C, 5.4°C, 5.3°C and 5.4°C respectively, all occur-
ring at 1,800 h. This is due to the fact that the basin absor-
ber temperatures are on the rise beyond the peak sunshine 
at 1,300 h up to 1,600 h while the ambient temperature has 
a comparatively sharp decline after 1,300 h. This leads to 
a higher bottom loss from the still for a larger tempera-
ture difference between the still basin and ambient.

It can be concluded from the above facts that the insu-
lation considered in the conventional solar still may be 
insufficient for the geometries chosen here since the tem-
perature range for the basin absorber is of the order of 95°C 
at its peak and the same is 12.4°C higher than the conven-
tional solar still case for the same hour. The basin tempera-
ture profile for all the cases obtained here are similar to 
that reported in previous literature and in agreement with 
the same [24].

8.4. Variation of convective heat transfer coefficient (hcw) 
from water to glass cover

The free convection inside the solar still cavity is the 
result of bouncy caused by the temperature difference 

between the basin water and the glass cover [1]. The heat 
transfer coefficient governing the transport of heat from 
water surface to glass is given by Eq. (12). It is evident from 
the equation that hcw is directly proportional to the basin 
water temperature and hence rise in the basin water tem-
perature leads to a corresponding rise in hcw value. The hcw 
trend for the eight different geometries under consideration 
here are a consequent result of the basin absorber tem-
perature trend observed in Fig. 11.

The increment in heat transfer area by means of extended 
surfaces by all the means reported here reduces the pre-
heating time proportional to the temperature gained by 
the water [6]. This is evident from the sharp rise in con-
vective heat transfer coefficient value immediately after 
0800 h. The additional surfaces lead to higher heat transfer 
values between the basin and absorber.

The lowest hcw trend can be seen for the conventional 
solar still with lowest 1 m2 of heat transfer surface while 
the highest trend can be seen for parabolic trough with a 
net surface area value of 1.80 m2. This is closely followed 
by the trend for hemispherical depressions with a sur-
face area value of 1.79 m2. The peak hcw values for all the 
cases are found to occur at 1,500 h since the maximum 
basin water temperature is also achieved between 1,500 
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to 1,600 h. The values are observed to decline after 1500 h 
due to decline in heat input value form solar radiation. 
The maximum hcw value for conventional, wire mesh large, 
wire mesh small, Triangular cuts, semi cylindrical troughs, 
triangular corrugations, hemispherical depressions and 
parabolic trough are found to be 2.60, 2.64, 2.7, 2.81, 2.98, 
3.03, 3.04, and 3.05 W/m°C respectively, all occurring 
at 1,500 h. The highest value of hcw for parabolic trough 
with highest heat transfer area value of 1.80 m2 is found 
to be 16.90% higher than the conventional solar still with 
unit area of basin surface. Modi and Jani [4] have claimed 
the benefits of the extended surfaces as a way to not only 
increase heat transfer values but also to absorb higher 
incident solar radiation. The proposed work presents the 
role of extended surfaces as a means of improving the 
heat transfer characteristics only while the area receiv-
ing the incident radiation is considered to be 1 m2 for all  
the cases.

8.5. Variation of radiative heat transfer coefficient (hrw) from water 
surface to glass

Fig. 10 is an illustration of variation of radiative heat 
transfer coefficient (hrw) from water surface to glass cover 
for all the cases ranging from conventional solar still with 
unit basin area up to parabolic trough with highest basin 
area. The general trend for this parameter is observed to 
exhibit similar trend as that obtained for hcw since the heat 
radiated from a mass depends upon the temperature of 
the body, the hrw for all the cases reported here are found 
to occur at 1,600 h since the peak for basin water tempera-
ture is also found to occur at the same time. The peak hrw 
value for conventional, wire mesh large, wire mesh small, 
Triangular cuts, semi cylindrical troughs, triangular corru-
gations, hemispherical depressions and parabolic trough 
are found to be 7.75, 7.83, 7.97, 8.24, 8.63, 8.81, 8.77 and 
8.78 W/m°C respectively, all occurring at 1,600 h. The 
highest value of hrw for parabolic trough with highest heat 
transfer area value of 1.80 m2 is found to be 13.41% higher 
than the conventional solar still.

8.6. Variation of evaporative heat transfer coefficient (hew) from 
water surface to glass

The most dominant and decisive heat transfer coef-
ficient in a solar still is the evaporative heat transfer 
coefficient (hew) since this decides the amount of heat 
expenditure in evaporation of basin water and hence 
directly decides the final yield output from the solar still. 
The basin surface augmentations as reported here are all 
found to exhibit increase in heat transfer coefficient val-
ues in proportion to basin and water temperature which 
in turn is proportionate to the basin surface area available 
for heat transfer from basin to water. The lowest trend as 
can be observed from Fig. 11, is yet again obtained for 
the conventional solar still with smallest basin surface 
area while the highest trend can be observed for the par-
abolic trough. The hew values for all the cases have peaks 
at 1,600 h beyond which the values tend to decline due to 
drop in basin water temperature as a result of reduction 

in incident solar radiation value. The peak hew value for 
conventional, wire mesh large, wire mesh small, triangu-
lar cuts, semi cylindrical troughs, triangular corrugations, 
hemispherical depressions and parabolic trough are found 
to be 65.60, 69.82, 76.86, 91.38, 116.75, 127.78, 126.71 and 
130.34 W/m°C respectively, all occurring at 1600 h. The 
highest value of hew for parabolic trough with highest 
heat transfer area value of 1.80 m2 is found to be 98.68% 
higher than the conventional solar still. This indicates an 
almost double heat transfer rate for an 80% basin surface 
area gain by means of surface additions. The improve-
ment in hew value corresponding to increase in surface 
area as reported in the present work is in accordance with 
the work previously reported by Modi and Jani [4]. The 
average temperature difference between water and glass 
cover that determines the value of hew as per Eqs. (11) and 
(12) is shown to increase with an increase in basin sur-
face area and is also observed by Modi and Jani [4] and  
Hafs et al. [8].

8.7. Hourly yield variation (mew)

The hourly yield of a solar still is a direct representa-
tion of the temperature difference between the basin water 
and the glass cover. The highest possible basin water tem-
perature coupled with lowest corresponding glass cover 
temperature is the most desirable condition for a solar still. 
Since this leads to higher rates of evaporation and conden-
sation of water. Thus, the hourly yield trend as depicted 
in Fig. 16 follows the component temperature trend spe-
cifically the basin absorber temperature that further corre-
sponds to the heat transfer coefficients trends as presented. 
Here in Fig. 16, a similar trend in correspondence with 
basin temperature and heat transfer coefficient trends can 
be observed where the hourly yield value peaks at 1,600 h 
after steady increment form 800 h, beyond 1,600 h the val-
ues start to diminish gradually due to lack of heat input in 
the form of incident solar radiation. It has been observed 
that at lower basin water mass, the distillate yield peak is 
in strict correspondence with the peak in solar intensity 
radiation however with increase in mass, this peak is found 
to shift towards the later part of the day due to thermal  
inertia effect.

The peak hourly yield values occurring at 1,600 h and 
cumulative yield for the day between 0700 to 1,800 h cor-
responding to conventional, wire mesh large, wire mesh 
small, triangular cuts, semi cylindrical troughs, triangu-
lar corrugations, hemispherical depressions and parabolic 
trough are found to be 0.61, 0.65, 0.71, 0.82, 0.99, 1.07, 1.05, 
1.06 and 3.94, 4.31, 4.76, 5.68, 6.79, 7.35,7.25 and 7.36 L 
respectively. The parabolic trough with highest value of 
heat transfer surface is found to obtain a 72.3% higher 
peak yield for an 80% higher surface area at 1,600 h com-
pared to conventional solar still. The cumulative yield for 
the parabolic trough is found to be 86.7% higher than the 
conventional solar still. The quick starting time and higher 
relative basin temperature for the cases with extended 
basin absorber surface area is the cause for significantly 
higher distillate yield beyond 900 h and is this is validated 
by the works earlier reported by Agrawal and Rana [11], 
Hafs et al. [8] and Jani and Modi [7].
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9. Comparison of hourly and total daily distillate yield

9.1. Experimental hourly yield comparison with theoretical hourly 
distillate yield

The two wire mesh sizes as shown in Fig. 2 are used for 
experimental observations for 2 days starting June 2, 2021 
while the very first day of the experimentation is chosen 
as June 1 for the conventional solar still with unit basin 
surface area followed by the day with 16 mm wire mesh 
(centre to centre distance) on June 2. On June 3, the smaller 
0.5 mm diameter and 2 mm (CTCD) wire mesh is chosen 
for experimentation. Table 1 presents the order in which the 
experiments and the theoretical analysis is carried out in 
the present work.

Fig. 17 shows the hourly yield variation for conventional, 
large wire mesh and small wire mesh basin absorber sur-
faces between 700 to 1,800 h for June 1, 2 and 3 respectively. 
The peak distillate yield values for the three cases obtained 
experimentally and theoretically are obtained at 1,600 h 
for each day. The corresponding theoretical hourly yield 
for conventional solar still, wire mesh large and wire mesh 
small are found to be 0.61, 0.65 and 0.66 L respectively, while 
the yield obtained experimentally for the same duration is 
found to be 0.59, 0.64 and 0.60 L respectively. The maximum 
deviation from the theoretically predicted hourly yield val-
ues is found to occur at 1,200 h for conventional solar still 
for a 13.5% smaller experimental yield value, at 1,800 h for 
wire meshL for 8.5% maximum deviation value and 1,500 h 
for wire meshS for corresponding theoretical yield values of 
0.30, 0.60 and 0.58 L respectively. The deviations in hourly 
yield values are caused by environmental factors like wind 
velocity and ambient temperature variations.

9.2. Cumulative yield comparison

Fig. 18 represents the cumulative distillate yield for 
all the eight cases considered for theoretical analysis and 
the three cases for experimental analysis. As evident from 
Figs. 12 and 15, the hourly distillate yield strongly depends 
upon the basin absorber surface area and heat transfer rate 
between basin absorber and water which in turn is deci-
sive in determining the rate of evaporation and condensa-
tion of water at the glass surface.

The theoretical cumulative daily yield for the conven-
tional solar still (1 m2), wire mesh large (1.004 m2), wire 
mesh small (1.13 m2), triangular cuts (1.29 m2), semi cylin-
drical troughs (1.59 m2), triangular corrugations (1.71 m2), 
hemispherical depressions (1.79 m2) and parabolic trough 
(1.80 m2) are 3.94, 4.31, 4.76, 5.68, 6.79, 7.35,7.25 and 
7.36 L/m2/d, respectively. The percentage gain in daily 
cumulative yield for the above cases compared with con-
ventional solar still is found to be 9.4, 20.8, 44.2, 72.3, 86.5, 
84.0 and 86.8%, respectively. The present cumulative yield 
values for triangular cuts with an improvement of 44.2% 
over conventional still are in accordance with a 47.35% and 
43.86% daily yield improvement reported by Modi and Jani 
[4] and Jani and Modi [7] for absorber surface area incre-
ment of 23.78% by means of hollow fins and circular fins 
over rectangular fins respectively.

The experimental cumulative yield is observed to 
exhibit similar trend as the theoretically obtained values 
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however a deviation from the theoretically predicted val-
ues as a result of internal and external uncertainties leads 
to comparatively smaller values of cumulative yield foe 
all the three cases and hence an error or deviation of the 
magnitude of 13.23% (maximum) is obtained in the pres-
ent analysis. The maximum deviation from the theoretically 
predicted cumulative yield for the experimentally obtained 
yield is found to be 13.23% for wire meshS and 5.1%, 3.5% 
for wire meshL and conventional solar still respectively. 
The comparatively higher basin absorber temperature as 
shown in Fig. 12 resulting into higher bottom heat losses 
for wire meshS with respect to conventional solar still and 
wire meshL throughout the day can be attributed for this 
phenomenon.

10. Conclusions

• The basin surface area augmentation for improving the 
heat transfer coefficient values in a solar still is an effec-
tive means of improving hourly yield.

• The surface area increment has a direct positive effect 
on the basin water temperature and hence the heat 
transfer coefficients.

• The bottom insulation has a vital role in solar still perfor-
mance and an insufficient insulation can cause a drop in 
absorber temperature by 5.4°C.

• The maximum hcw, hrw and hew value for parabolic trough 
with highest heat transfer area value of 1.80 m2 is found 
to be 16.90%, 13.41% and 98.68% higher than the con-
ventional solar still with unit area of basin absorber  
surface.

• The parabolic trough with highest value of heat trans-
fer surface is found to obtain a 72.3% higher peak yield 
and 86.7% higher cumulative yield for an 80% higher 
surface compared to a conventional solar still.

• The maximum deviation between the experimental and 
theoretical hourly yield and cumulative daily yield val-
ues for conventional, wire mesh large and wire mesh 
small case is found to be 13.5%, 8.6% and 8.5% and 
13.23%, 5.1% and 3.5% respectively. With a maximum 
deviation value of 13.5% and 13.23% the present theoret-
ical model can be said to be in good agreement with the 
experimental values obtained.

Symbols

Rg — Reflectivity of glass plate cover, fraction
αg — Absorptivity of glass plate cover, fraction
α’g —  Solar radiation fraction, absorbed by glass 

cover, fraction
Rw — Reflectivity of water surface, fraction
αw — Absorptivity of water, fraction
α’w —  Solar radiation fraction, absorbed by water 

mass, fraction
αb —  Absorptivity of basin liner material, 

fraction
α’b —  Solar radiation fraction, absorbed by basin 

liner, fraction
V — Velocity of wind over glass surface, m/s

hcg —  Convective heat transfer coefficient 
between glass and ambient, W/m2°C

Ta — Ambient temperature, °C
Tsky — Sky temperature, °C
εg — Emissivity of glass plate cover, fraction
σ —  Stiffen Boltzman constant = 5.67 × 10–8 W/

m2 K4

Tg — Temperature of glass plate, °C
Tgavg —  Average temperature of glass plate 

cover, °C
hrg —  Radiative heat transfer coefficient, from 

glass to sky, W/m2°C
h1g —  Combined (convection + radiation) heat 

transfer coefficient from outer surface of 
glass, W/m2°C

Tw — Temperature of water in basin, °C
Twavg — Average temperature of basin water, °C
Pw — Partial pressure at water surface, N/m2

Pg —  Partial pressure at glass inner surface, 
N/m2

hew —  Convective heat transfer coefficient, water 
surface to glass cover, W/m2°C

hew —  Evaporative heat transfer coefficient, water 
surface to glass cover, W/m2°C

εw — Emissivity of water surface, fraction
εeff —  Effective emissivity between water surface 

and glass surface
hrw —  Radiative heat transfer coefficient, from 

water surface to glass plate, W/m2°C
h1w —  Total internal heat transfer coefficient, 

W/m2°C
I(t) — Incident total solar radiation, W/m2

hw —  Convective heat transfer coefficient, 
between basin and water, W/m2°C

hcrb —  Combined heat transfer coefficient from 
bottom, W/m2°C

Li — Thickness of insulation, m
Ki —  Thermal conductivity of insulation, 

W/m2°C
hb —  Heat transfer coefficient, from bottom, 

W/m2°C
Tb — Temperature of basin absorber, °C
ΔTbw —  Temperature difference between basin 

absorber and water, °C
Ub —  Bottom heat loss coefficient, from water to 

ambient through basin, W/m2°C
Ut —  Top heat loss coefficient, from water sur-

face to ambient, W/m2°C
UL — Overall heat loss coefficient, W/m2°C
(MC)w —  Product of mass of water in basin (kg) and 

specific heat of water, J/kg°C
a — Factor
(ατ)eff — Factor
f(t) — Factor
∆t — Time, s
Tw0 — Temperature of water at t = 0, °C
qew — Rate of evaporative heat loss, W/m2

L — Latent heat of vaporization of water, J/kg
mew — Hourly distillate output, kg/m2 h
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Appendix 1

A1. Case of wire mesh (large and small)

No. of wires in one way = Length of wire
Center to Center Distance

Surface area of one wire with junction point = 
22
7 2
× ×
Diameter of wire Length of wire

Surface area of one wire without junction point =
(Length of wire – No. of wires in one way × diameter of 

wire) × 22
7 2
×
diameter of wire

Total exposed surface area of wire =
Surface area of one wire with junction point × No. of 

wires in one way + Surface area of one wire without junction 
point × No. of wires in one way

Projected area of one wire with junction point = diameter 
of wire × length of wire

Projected area of one wire without junction point = (Length 
of wire – No. of wires in one way × diameter of wire) × diam-
eter of wire

Total projected area of wire in basin = Projected area 
of one wire with junction point × No. of wires in one 
way + Projected area of one wire without junction point × No. 
of wires in one way

Uncovered area of basin = Area of basin – Total projected 
area of wire in basin

Total exposed area of basin including wire = Uncovered 
area of basin + Total exposed surface area of wire

Shaded area due to one wire =
Ash = Hf × lsh × sinl + Hf × lsh × cosl – l2

sh × sinl × cosl,
where Hf = Height of wire = Diameter of wire
lsh = Length of shadow due to wire
l = latitude angle of location
Shaded area due to n wire in one way = Shaded area due 

to one wire × No. of wires in one way
Net effective area for heat transfer = Total exposed area of 

basin including wire – Shaded area due to n wire in one way

A2. Case of triangular cuts

Single triangle area = 3
4

2× side

No. of triangles possible = 
Area of basin

Area of one triangle

No. of triangles at 50% plate area = 
No of triangle

2
Perimeter of all triangles = Triangle side length × 3 × No. 

of triangles at 50% plate area
Area addition by perimeter = Perimeter of all trian-

gles × thickness of triangle
Total heat transfer exposed area = Area of basin + Area 

addition by perimeter
Net effective area for heat transfer = Area of basin + Area 

addition by perimeter

A3. Case of semi-cylinder

Length of semicylinder = width of basin
Area of one semicylinder = 

22
7 2
×
diameter of cylinder  × length of semicylinder

Vertical projected area of one semicylinder = Diameter of 
cylinder × Length of semicylinder

No. of cylinders in total basin area = 
1

diameter of semicylinder
Total surface area of semicylinder = No. of cylinder in 

total basin area × Area of one semicylinder
Height of semicylinder = Diameter of semicylinder

A4. Case of triangular corrugations

Width of triangle = Width of basin
Hypotenuse length = side side2 2+
Height of triangle = Side of triangle
Exposed surface area of one triangle = (Hypotenuse 

length + height of triangle) × Width of triangle

No. of triangles in 50% area = 
50% length of basin
base side length

Vertical projected surface area of one triangle = Base side 
length × Width of triangle

Exposed surface area of all triangles = No. of triangles in 
50% area × Exposed surface area of one triangle

Total exposed surface area of basin including trian-
gle = Exposed surface area of all triangle + 50% area of basin

A5. Case of hemispherical depressions

Surface area of one hemisphere = 2 22
7 2

2

� �
�

�
�

�

�
�

D

Projected circle area of one hemisphere = 
Surface area of one hemisphere

2
No. of circles possible in total area of basin = 

1
area of square containg the circle

Area occupied by one circle in one square = 78.5%
Total surface area of all hemisphere = No. of circles in 

total area of basin × Surface area of one hemisphere
Projected surface area of all circles = No. of circles in total 

area of basin × Projected circle area of one hemisphere
Net exposed surface area = Surface area of one hemi-

sphere × No. of circles + (1 – 0.785)

A6. Case of parabolic troughs

It is assumed that focus of parabola lies at plane of basin
Hence, depth of parabola = Focus of parabola
Value of x = y
Half perimeter of parabola = 

0

21 4
depth of parabola

� � x dx
Full perimeter of parabola = 2 × Half perimeter of parabola
Length of parabola = Length of basin = 1 m
Area of one parabola = Length of parabola × Full perim-

eter of parabola
Length of latus rectum = 4a in equation (y2 = 4ax)
No. of parabolic troughs in total area of basin = 

1
length of latus rectum

Vertical projected area of one parabola = Length of latus 
rectum × Width of basin

Surface area of all troughs = No. of troughs in total area of 
basin × Surface area of one parabola

Projected area of all troughs = No. of parabola in total 
area of basin × Vertical projected area of one trough

Increase in area due to troughs = Area of all 
troughs – Projected area of all troughs
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