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Enhancing Productivity of
V-Trough Solar Water
Heater Incorporated Flat
Plate Wick-Type Solar Water
Distillation System
This experimentation deals with the comparative study of a flat plate wick-based solar
water distillation system (SWDS) with and without V-trough (VT) solar collector (SC)
under the actual environmental conditions of Salem, Tamilnadu, India, as an attempt to
enhance the productivity of the solar water distillation system. The influences of wick
material, solar intensity, flow rate, and ambient temperature on productivity are also pro-
posed. To ensure accuracy in the experimentation, the overall observation is divided into
four spells with four different wick materials. The hourly productivity of the proposed still
is compared with the standard theoretical equation, and the deviation between them is
well accepted with 610.14%. The maximum convective and evaporative heat transfer
coefficients are observed during spell 3 as 2.488W/m2K and 25.321W/m2K, respectively.
The prediction of Nusselt number and Sherwood number are also proposed to validate
the heat transfer and mass transfer, respectively. Compared to polyester, terry cotton,
and jute wick materials, fur fabric wick yielded maximum productivity of 4.40 l/day and
6.29 l/day for SWDS alone and SWDS with VT, respectively. The results revealed that the
productivity of the SWDS coupled with V-trough SC is 30.12% greater than SWDS alone.
[DOI: 10.1115/1.4048947]

Introduction

The securities of energy and water are two significant issues
which humankind must deal with to achieve the economic
improvement of human culture. Nowadays, the scarcity of water
is a major issue faced by many regions of Africa and is much
worse in developing countries due to increased demand for water
because of population explosion and deforestation [1]. In order to
address the water scarcity, different conventional freshwater pro-
duction techniques are considered for domestic, commercial, and
industrial applications. Compared with the conventional fresh-
water production techniques, solar desalination methods are found
impressive consideration everywhere in the world because of its
abundance and ecologically clean to the environmental concerns
[2,3]. At the same time, the production of freshwater using solar
energy is not only gifted and promising technology for sustainable
development, but also it restricts the higher level of energy con-
sumption and emission of greenhouse gases [4].

The above literature study has concluded that the solar energy
based desalination system is the best in terms of money and envi-
ronmental concerns. The performance of inverted multiwick solar
still has been compared with the conventional multiwick solar
still. The final results proved that the proposed solar still has pro-
duced 20% higher performance than the conventional one [5]. The
productivity of a small conventional basin-type solar still has been
improved by integrating it with a wick-type solar still which gets

warm waste brine solution to the basin. When compared with
basin-type and wick-type solar stills separately, the integration of
the both stills has been found to be more economical and efficient.
The results concluded that the total yearly distilled water produc-
tion of the proposed still was 85% more than the basin-type and
43% more than the wick-type solar still [6]. A tilted wick-type
solar still with a charcoal cloth as an absorber/evaporator material
has been designed and constructed. The experimental tests have
been conducted under indoor and outdoor conditions. The results
predicted that the daily efficiency of the still has been increased
by about 53% on clear days in summer and the rise in the salinity
of the input water has reduced the efficiency of the system from
37.7% to 20% in indoor testing [7]. The effect of various wick
materials has been reviewed in an inclined type wick material
based solar still. Compared to terrycloth, jute cloth, and polyester
material, fur fabric has produced a maximum yield of 3.63 L/day
for the flat plate absorber at 30� inclination. The hardness of water
before and after distillation has been found as 5026 ppm and
77 ppm, respectively, at 28 �C (room temperature) [8]. A black-
coated jute wick material has been rotated horizontally and verti-
cally inside the still under constant ON time and variable OFF
time conditions. Compared to conventional solar still, the pro-
posed still with rotating wick material has enhanced the cumula-
tive productivity by 315% with nanofluid and by 300% without
nanofluid [9].

The effect of an external reflector with different inclinations on
the productivity of a basin type solar still has been examined
experimentally in summer, autumn, and winter. The presence of
internal and external reflectors has improved the daily yield. The
increase in the productivity of the still has averaged as 19.9% for
the still with internal reflector only, and 34.5%, 34.4%, 34.8%,
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and 24.7% for the still with internal and external reflectors with
inclined angles of 0 deg, 10 deg, 20 deg, and 30 deg, respectively
[10]. A vast critical review has been carried out in solar still
desalination systems to analyze the effect of the absorber, depth
of brine, cover cooling, conditions of initial water, fluid flow, and
geometry of still [11]. An absorber plate with pin fins attachments
has been introduced in the conventional system, and the daily
freshwater productivity of the still has been improved by 12%
[12]. In order to reduce the losses in efficiency due to internal
fouling in a flat plate collector coupled water distillation unit, the
system has been operated under a closed cycle. The maximum
energy and exergy efficiency of the system per day have been
obtained as 48.1% and 2.76%, respectively [13]. A comparative
analysis between pyramid types solar still and single slope solar
still has been performed under the same environmental conditions
for different days with various depth conditions of the water. The
pyramid solar still has produced 25% more distilled water than the
single slope solar still. At the same time, better performance has
been obtained at 2.5 cm water depth than 3.5 cm water depth [14].

The freshwater production of the still has been increased by
combining inclined solar still with triangular pyramid solar still.
The experiment has been conducted with various water depth and
flow rate to analyze the yield of freshwater output. The results
revealed that the yield of solar still has been improved by 79.05%
in the case of inclined solar still incorporated with the triangular
pyramid solar still [15]. Experimental and numerical analyses
have been performed on modified solar still as stepped absorber
integrated with photovoltaic/thermal (PV/T) water collector. The
results revealed that 1.33m2 and 0.068 kg/min have been derived
as the required value of the PV/T water collector area and rate of
flow, respectively, for better performance [16]. The overall per-
formance of the Peltier based hybrid PV/T active solar still has
been investigated experimentally. The use of Peltier in this system
has enhanced the production of distilled water during both con-
densation and evaporation processes. The proposed active hybrid
solar PV/T still has produced about 30% higher efficiency than
the conventional passive still [17]. Solar still with single phase
change material (PCM), and still with double PCM and without
PCM have been compared experimentally with each other.
Among these three stills, the still with double PCM has produced
maximum productivity of 4.400L/m2/day [18]. A hybrid solar still
incorporated with solar panels has been examined using a porous
medium to enhance freshwater productivity. In this setup, the
saline water has been preheated by passing over the solar panel.
The results revealed that the system with black steel wool fibers at
60% preheating has achieved maximum yield and average daily
efficiency as 3.534 kg/m2/day and 38.07%, respectively [19]. The
yield of conventional solar still has been improved by the use of
vertical and horizontal fins up to 26.77% and 24.19%, respectively
[20].

The solar still integrated with flat plate solar collector (SC) has
improved the productivity up to 60% than the traditional solar still
for the same basin size. The economic analysis of the study
revealed that the costs of distilled water for the conventional and
proposed still with wick and energy storing materials in the basin
were 0.0362 $/kg/m2 and 0.0276 $/kg/m2, respectively [21]. The
factors affecting the productivity of the conventional solar still
when incorporated with a solar collector have been investigated
experimentally. It has been observed that there is a considerable
difference in the evaporative rate of the brine inside (36.7%) and
outside of the still (13.3%) [22]. Solar collector’s area optimiza-
tion for adsorption desalination has been proposed. The optimiza-
tion of the collector area has reduced the unit costs for freshwater
production up to 20% [23]. An experimental study has been car-
ried out in a PCM-based solar still incorporated with a solar ther-
mal collector. The unit has produced 4300ml/day.m2 in that 40%
of the productivity has been obtained after sunset [24]. A multi-
stage solar still with tray shaped absorber incorporated with para-
bolic trough solar concentrator has been proposed. The results
revealed that the “V” shaped trays have produced more distilled

water than the “K” floor because that requires two collectors.
Moreover, the amount and cost of electricity consumed by the dis-
tiller have depended on the amount of heat lost by the distiller and
the type of trays, respectively [25].

The effect of radiation on mass and heat energy balances of a
multistage solar still under Batna climatic conditions has been
investigated numerically. Computer code in FORTRAN language
has been developed to study the effect of thermal radiation on
temperature, distillate mass productivity, and the performance of
the system [26]. A multistage stacked-tray solar seawater desali-
nation still has been designed to develop a mathematical model of
heat and mass transfer. The results revealed that the system has
produced a total yield of 8.1 kg/m2 d at 2 cm water depth [27].
The heat transfer, mass transfer, and entropy rate of humid air
inside a passive single solar still have been reported in a southeast
region of Tunisia. It has been noticed that for improving the pro-
ductivity of the solar still, the partial pressure of water vapor and
temperature of humid air have to be increased [28]. Two identical
solar stills with the basin area of 1m2 have been examined to ana-
lyze the influence of a porous absorber on heat and mass transfer
enhancement. The experimental results showed that the average
Nusselt number and Sherwood number using porous bed have
been enhanced by about 115% and 51.95%, respectively [29].

From the above literature study, it is clearly known that the still
performance depends on water temperature, the mass of water,
and exposure area to the sunlight. In the active method, the water
is preheated before sending it to the basin of the still by a separate
heater. It increases the overall cost of the system and requires an
isolated space. In this study, a V-trough (VT) solar water heater is
used to supply the preheated water to the still. It is a passive
method that requires no additional energy to operate. In existing
methods, the preheated water is stored in the basin of the still. But
in this work, the preheated water is sprayed from the upper end of
the still which ensures the uniform spread of water over the wick
material. At the same time, in the V-trough solar water heater,
two booster reflectors are used in the sides of the collector plate.
The use of the additional reflectors is collected more solar energy
than the conventional flat plate solar water heater for the same
absorber area. Hence, it is proved that the influence of booster
reflectors has enhanced the performance of the conventional flat
plate solar water heater [30].

The main objective of this study is to augment the heat and
mass transfer rate of a solar still by incorporating the wick based
solar still with V-trough solar collector. The use of wick materials
increases the evaporative rate because the heat-storing capacity of
the wetted wick fabric is greater than only water is used in the
basin and it increases the evaporating area of the still. The per-
formance of the V-trough solar collector is better than the flat
plate collector for the same collector size.

Experimental Setup

The experimental setup is mainly divided into two units: (i) flat
plate wick-type solar water distillation system (SWDS) unit and
(ii) V-trough solar concentrator unit. The detailed description is
given below.

Profile of Flat Plate Wick-Type Solar Water Distillation
System. Figure 1(a) shows the schematic diagram of the flat plate
wick-type solar water distillation system. It consists of 16 gage
galvanized iron tray of 50 cm width, 100 cm length, and 10 cm
height. It is placed in a wooden box of inner dimensions
100 cm� 50 cm� 10 cm. The wick fabric is placed over the
galvanized iron sheet and is supported using clips. The water from
the tank is sprayed over the wick fabric through a spray unit which
is placed at the upper end of the tray. To collect the freshwater
(condensed water) and excess feed water, semicylindrical polyvi-
nyl chloride (PVC) pipes are attached at the lower end of the glass
cover and rectangular tray, respectively. Transparent glass of
3mm thickness is used to enclose the top surface of the wooden
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box without any air gap. The whole arrangement is placed at an
angle of 30 deg toward south direction.

Profile of V-Trough Solar Collector. V-trough solar concen-
trator unit contains of two copper tubes of length 1m and diameter
11mm which are covered by 20 cm width black painted copper
plate. Two reflectors are kept at an angle of 120 deg about the col-
lector surface as shown in Fig. 1(b). A typical upper header and
lower header are utilized to join all the riser tubes at the top side
and base side, respectively. Then the lower header is connected to
the bottom side and the upper header is connected to the top side
of a water tank of 100 liters capacity, which is insulated by glass
wool. 1000mm� 200mm� 3mm size single glazing glass of 95%
transmittance is used to cover the top side of the arrangement. Both
the ends of the concentrator are closed by trapezoidal shape floated
glass which looks like V-shape in cross section. Hence, it is called
as V-trough solar collector. The entire setup is placed in a well-
insulated wooden box. Finally, the whole arrangement is tilted at
12 deg inclination toward the south direction.

Experimentation

Data Collection and Procedure. The experimental trials have
been carried out at Government College of Engineering, Salem,
Tamilnadu, India, and is situated around 278m above mean sea
level (MSL). The latitude, longitude, and the distance to the north
of the equator are 11�66�N, 78�15�E, and 787 miles, respectively.
The data have been collected in the month of April 2020 every
day between 9.00 a.m. and 5.00 p.m. at a regular interval of
15min. Daily morning, the water in the recirculation tank is
drained out completely and again refilled by freshwater. From the

outset, the normal water from the recirculation tank enters into the
lower header and evenly to the riser tubes. Due to convective heat
transfer, the riser tubes get heat energy from the absorber plate
which is directly exposed to the sunlight. Finally, the heat from
the riser tubes is transferred to the water. The temperature differ-
ence between water in the riser tubes and the tank water drives the
accelerating force in the water. Hence, the water circulates from
the riser tube to recirculation rank and from the tank to riser tubes
until the temperature difference becomes zero.

At the same time, the hot water from the tank is sprayed over
the wick material by spray arrangement and the flow is controlled
by a gate valve. The solar radiation which enters into the still is
absorbed by the receiver plate. Some amount of absorbed energy
is transferred to the wetted wick material and the remaining
amount is sent to the outside environment through glass top as
convective and radiative heat losses. As the wick cloth is already
wetted by hot water, the water from the cloth is evaporated
quickly. After losing the latent heat energy to the glass cover, the
vapors are condensed on the inside of the glass cover and dropped
down at the bottom side due to gravitational force. This freshwater
is collected in a measuring jar, and the excess hot feed water is
also collected separately.

In order to get consistency and accuracy in the readings, the
experimentation is conducted in four spells with four different
wick materials. Each spell covers five days. All the five days’
readings are summed and averaged. These average readings are
taken for the calculation. The details of the various spell are sum-
marized in Table 1.

Instrumentation and Uncertainty. A calibrated 61.0% accu-
rate pyranometer is placed in an open environment to compute the

Fig. 1 Schematic diagram of experimental facility: (a) wick-type solar water distillation system unit and (b)
V-trough solar concentrator unit
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intensity of global solar radiation. A 60.5ml accuracy measuring
jar is used to measure the condensed fresh water. To measure the
temperature, 60.5 �C accuracy thermocouple wires of T-type are
joined on the receiver plate, on the outer periphery of the riser
tubes, and on the outer glass cover of the both units using JM-60
thermocouple wire welding machine, at five locations over
1000mm long. The inlet and outlet temperature of the water are
measured by resistance temperature detectors (RTDs) of 60.1 �C
accuracy. The atmospheric temperature is measured by exposing
one thermocouple wire to the atmosphere. All the thermocouple
wires are connected to a delta-T devices data logger to record the
temperatures for every minute and the averaged values are used
for calculation. A personal computer is connected with the data
logger to give the instructions.

The following equations Eqs. (1) and (2) are used to calculate
the uncertainty values of the various instruments to estimate the
amount of different temperatures, solar intensity, wind velocity,
pH value, freshwater, total dissolved solids (TDS), and electrical
conductivity (EC) as suggested by Saravanan and Murugan [31].
The uncertainty of various measuring instruments used during this
experimentation is given in Table 2

uncertaintystandard usð Þ ¼
instrument0s accuracy ðaÞffiffiffi

3
p (1)

us¼
@R1

Y1
u1

� �2

þ @R2

Y2
u2

� �2

þ @R3

Y3
u3

� �2

þ���þ @Rn

Yn
un

� �2
" #0:5

(2)

The uncertainty of daily efficiency is evaluated based on the quan-
tity of distilled water collected and the amount of solar radiation
falls on the surface

ug ¼
@gd
mw

umw

� �2

þ @gd
IðtÞ uIðtÞ

� �2
" #0:5

(3)

The uncertainty of hourly freshwater productivity is given by fol-
lowing Eq. (4):

um ¼ @m

@mw
umw

� �2
" #0:5

(4)

Data Processing. To choose the wick material, the important
property called “porosity” must be calculated. The porosity of the

wick material is the determination of porous space present in the
material. The following relation is used to calculate the porosity
of the wick material [8]:

/ ¼ Vp

Vbk

(5)

where Vp is the pore volume in m3 and Vbk is the bulk volume
in m3

Vp ¼
Ww

qw
(6)

Ww ¼ Wsat � Wdry (7)

where Ww, Wsat; andWdry are the weight of water in pore space,
saturated weight, and dry weight in kg, respectively. qw is the den-
sity of water in kg/m3

Vbk ¼ l� b� t (8)

where l, b, and t are length, breadth, and thickness of the wick
material.

The coefficient of evaporative heat loss ðhew Þ from the water
surface is calculated as follows [13]:

hew ¼ 4:0
Pw � Pg

Tw � Tg

� �
(9)

Pw and Pg are the partial pressure of water at Tw and Tg,
respectively.

Tw and Tg are the temperatures of water and glass, respectively.

Pw ¼ e 25:317�5114
Twð Þ (10)

Pg ¼ e
25:317�5114

Tg

� �
(11)

The total heat transfer coefficient between water and glass top is
given below as suggested by Shukla and Sorayan [32]

htðw�gÞ ¼ hcðw�gÞþhr w�gð Þ þ hevðw�gÞ (12)

Coefficient of convective heat transfer

hc w�gð Þ ¼ 0:884

"
ðTw � TgÞ þ

Pw � Pgð Þ Twð Þ
268:9� 103 � Pw

#1
3

(13)

The corresponding convective heat transfer

qc w�gð Þ ¼ hc w�gð Þ � Tw � Tgð Þ (14)

Coefficient of radiative heat transfer

hr w�gð Þ ¼ ewr Twð Þ2 þ Tgð Þ2
h i

� Tw þ Tg þ 546½ � (15)

Table 1 Details of various spells of experimentation

S. no. Spell Wick material tested Dates of experimentation Duration

1. Spell 1 Polyester 01.04.20–05.04.20 5 days
2. Spell 2 Jute material 06.04.20–10.04.20 5 days
3. Spell 3 Fur fabric 11.04.20–15.04.20 5 days
4. Spell 4 Terry cotton 16.04.20–20.04.20 5 days

Table 2 Uncertainty of measuring instruments

Instrument Accuracy Range % uncertainty

Kipp and Zonen pyranometer 61.0% 0–1200 W/m2 5
Resistance temperature detector 60.1 �C 0–300 �C 0.25
T-type thermocouple 60.5 �C 0–100 �C 0.4
Measuring jar 60.5ml 0–250ml 5
Hotwire thermo-anemometer 60.1 m/s 0.2–17m/s 1
TDS meter 61 ppm 0–5000 ppm 5
pH meter 60.01 pH 0–14 0.1
Electrical conductivity 61 lS 0–9999 lS 2
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The corresponding radiative heat transfer

qr w�gð Þ ¼ hr w�gð Þ � Tw � Tgð Þ (16)

Coefficient of evaporative heat transfer

hevðw�gÞ ¼ 16:273� 10�3hcðw�gÞ �
Pw � Pg

Tw � Tg

� �
(17)

The corresponding evaporative heat transfer

qev w�gð Þ ¼ hev w�gð Þ � Tw � Tgð Þ (18)

The evaporative heat flux and the water evaporation rate at any
time can be determined from the following equations [33]:

Qew ¼ hew Tw � Tgð Þ (19)

m ¼ hew � Tw � Tgð Þ � 3600

hfg
(20)

The following equation is used to calculate the mass transfer coef-
ficient (hm) as suggested by Mohamed et al. [29]:

hm ¼ m

Dt ðqg � qwÞ
(21)

The Nusselt number is calculated as

Nu ¼
hc w�gð Þ � l

k
(22)

where k is the thermal conductivity of vapor which is predicted as
referred by Shah and Pancha [34]

k ¼ 0:0244þ 0:7673 � 10�4Tv (23)

The Sherwood number is calculated as

Sh ¼ hm�l

D
(24)

where D is the mass diffusion coefficient of vapor which can be
evaluated as suggested by Arif Hepbasli [35]

D ¼ 2:31 � 10�3 Pa

PaþPv

Tv
273:16

� �1:81

(25)

The overall thermal efficiency of the solar still is considered as
the ratio of evaporative heat flux to the total solar radiation on the
receiver plate which can be written as

g ¼ Qew

I � Ab
(26)

Results and Discussion

The major division of this experimental work includes the vari-
ation of solar intensity, ambient temperature, temperature records
in SWDS with and without VT, water-holding capacity of wick
materials, and fresh water production.

Validation of Flat Plate Solar Water Distillation System.
The hourly productivity of proposed solar still named as flat plate
solar water distillation system without wick materials and V-
trough solar collector (plain flat plate SWDS) has been validated
with the result obtained from the standard equation prescribed by
Sharma and Mullick [36] as shown below:

m ¼ Qew

hfg
� 3600 (27)

Apparently, the amount of freshwater production from the pro-
posed solar still is well accepted with the theoretical value calcu-
lated using above standard equation, and the variation between
them has deviated within6 10.14% as depicted in Fig. 2.

After validating the plain flat plate SWDS, the total experimen-
tation days have been divided into four spells with four different
wick materials. Figure 3 indicates the variation between solar
intensity and wind velocity with local time during experimenta-
tion spells. The ranges of various parameters during the experi-
mentation are: solar intensity: 400–1066W/m2, wind velocity:
0.5–1.6m/s, and ambient temperature: 30–38 �C.

The Temperature Profile of Solar Water Distillation System
Alone and Solar Water Distillation System With V-Trough.
The variation of ambient temperature, various temperatures in
SWDS with and without VT, is illustrated in Fig. 4 with respect to
local time. The solar intensity and ambient temperature are the
most important factors in the productivity of freshwater of any
solar stills. In order to make consistency, reliability, and precision
of the experimental result, the data have been collected in April
2020 between 09.00 am and 05.00 pm. For each set of data collec-
tion, five days are allotted and the averaged values are taken for

Fig. 2 Validation of hourly productivity of flat plate SWDS with
standard equation

Fig. 3 Deviation of solar intensity and wind velocity during
various spells
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the calculation. Due to the gradual rise and fall of solar intensity
by nature in a day, the temperature of the environment, basin,
water, and glass is also observed in the same trend. From the fig-
ure, it is clearly known that the temperature of the glass is lower
than the temperature of vapor produced. Hence, the vapors are
condensed on the surface of the glass cover and the condensed
freshwater is trapped from the inclined glass cover due to gravita-
tional force. Compared to the SWDS alone, the SWDS with VT
has a higher temperature of basin and water. The augmentation of
these temperatures is around 11.5% and 12.3%, respectively.

Assessment of Heat Transfer Coefficients. Figure 5 indicates
the deviation of the convective heat transfer coefficient between
water and glass top with local time. From the figure, it can be
noted that the coefficient of convective heat transfer during spell 3
is higher when compared to other spell periods. In spell 3, fur fab-
ric is used as wick material which would increase the rate of heat
transfer between water in the fabric and glass cover. The maxi-
mum coefficient of convective heat transfer during spell 3 is
noticed as 2.488W/m2K. At the same time, the convective heat trans-
fer coefficients during spell 1, spell 2, and spell 4 are 2.32W/m2K,
2.4W/m2K, and 2.366W/m2K, respectively. The changes in the coef-
ficient of evaporative heat transfer from water to the glass cover are
portrayed in Fig. 6. During spell 3, the maximum coefficient of

evaporative heat transfer is observed as 25.321W/m2K, which is
10.69%, 15.10%, and 20.65% higher than the values observed during
spell 2, spell 4, and spell 1, respectively.

Assessment of Heat and Mass Transfer Processes. The Nus-
selt number and Sherwood number are the two dimensionless
numbers used in heat and mass transfer operations, respectively.
From Figs. 7 and 8, it is observed that the Nusselt number and
Sherwood number during spell 3 are higher than other spell peri-
ods for both SWDS alone and SWDS with VT. Also, it can be
noticed that the maximum values of Nusselt number and Sher-
wood number are 257.23 and 85.48, respectively, obtained at
SWDS with VT during spell 3. This is the fact that during spell 3
fur fabric is used as wick material which is having the highest
convective and evaporative heat transfer coefficient than other
wick materials. The presence of V-trough SC with SWDS
enhanced the heat transfer process inside the SWDS which is rep-
resented in average improvement value of Nusselt number by
about 42.15%, 45.19%, 52.98%, and 63.97% than SWDS alone
for spell 1, spell 4, spell 2 and spell 3, respectively. Similarly, the
presence of V-trough SC with SWDS enhanced the mass transfer

Fig. 5 Deviation of convective heat transfer coefficient for vari-
ous spell

Fig. 6 Deviation of evaporative heat transfer coefficient for var-
ious spell

Fig. 4 Temperature profile of SWDS alone and SWDS with VT

Fig. 7 Validation of heat transfer using Nusselt number for var-
ious spell
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process inside the SWDS, which is represented in average
improvement value of Sherwood number by about 22.71%,
35.12%, 40.98%, and 51.04% than SWDS alone for spell 1, spell
4, spell 2, and spell 3, respectively.

The Productivity of Solar Water Distillation System With
and Without V-Trough for Various Wick Materials. When the
solar intensity is increased, the still’s efficiency is also increased.
The variation of solar still efficiency with time is depicted in
Fig. 9. The maximum still efficiency is viewed as 29.98% during
spell 3. For remaining spells 1, 2, and 4, the still efficiency is
23.26%, 26.18%, and 24.87%, respectively. Figure 10 shows the
variation of the distilled water production rate of SWDS with and
without VT for various wick materials. Of all types of wick mate-
rials, the fur fabric yielded maximum productivity of 4.40 l/day
and 6.29 l/day for SWDS alone and SWDS with VT, respectively.
The percentage improvement in productivity of the SWDS
coupled with V-trough SC is 30.12% greater than SWDS alone.
This is the fact that the fur fabric has more porosity than the jute
material, terry cotton, and polyester. Hence, the fur fabric can
hold more water than other materials. The porosity value of vari-
ous wick materials used in the experiment is shown in Table 3. It
is quit nature that the productivity of any still can be increased

when the residence time of water in the still is increased. Com-
pared to all other fabrics used in the experiment, the fur fabric
produces more distilled water for all conditions. At the same time,
the productivity of SWDS with VT is higher than the SWDS alone
for all wick material which can be observed from the figure. This
is due to the water which is supplied to the SWDS gets additional
thermal energy by VT.

Analysis of Water Quality. World Health Organization
(WHO) has given some guidelines that should be followed for
checking the quality of drinking water [37]. Based on this recom-
mendation, some basic parameters of water such as appearance,
color, odor, pH value, TDS, and EC are analyzed before and after
the experimentation. Appearance, color, and odor are recorded by
physical examination of the water before and after the distillation
process. Water is safe for drinking if only its pH value is in the
range of 6.5–8.0 according to the WHO standards. If pH is not in
this range, water might be too acidic or too alkaline. Conse-
quently, it may be harmful to the human being. An electronic digi-
tal meter with the least count of 60.01 is used to record the pH
value. There is no certain TDS limit for drinking water which may
affect the human health, but for safety WHO stated that the TDS
in drinking water should be below 600 ppm. The TDS of feed
water and freshwater is measured by digital TDS meter with a
measurement range of 0–5000 ppm. According to WHO, water is
safe to drink if its EC is below 0.08 S/m. An electrical conductiv-
ity meter of 61.0% accuracy is used to measure the EC of both
feed and freshwater. The characteristics of water pre-and postde-
salination process are summarized in Table 4.

Conclusions

The performance of flat plate wick-type SWDS has been ana-
lyzed with and without integration of the V-trough solar water
heater. The overall experimental observations have been split into
four spells. Each spell has covered five days and one wick

Fig. 8 Validation of mass transfer using Sherwood number for
various spell

Fig. 9 Solar still efficiency versus Local time for various spell

Fig. 10 Productivity of flat plat SWDS for different wick with/
without VT

Table 3 Porosity of wick materials used

Material
used

Grams per square
meter (grm/m2)

Porosity
(%)

Capillary rise
(mm)

Fur fabric 525.6 33.4 120
Jute cloth 550.26 26.1 186
Terry cotton 218.8 23.6 201
Polyester cloth 158.2 17.8 211

Journal of Heat Transfer MARCH 2021, Vol. 143 / 032001-7



material. Likewise, four different wick materials have been tested
with and without VT. Finally, the following main findings are
derived.

(1) The hourly productivity of the proposed still is compared
with the value obtained from the standard theoretical equa-
tion, and the deviations between them are well accepted
with610.14%.

(2) The maximum convective heat transfer coefficient during
spell 3 is noticed as 2.488 W/m2K. At the same time, the
same values during spell 1, spell 2, and spell 4 are 2.32 W/
m2K, 2.4 W/m2K, and 2.366 W/m2K, respectively.

(3) During spell 3, the maximum evaporative heat transfer
coefficient is observed as 25.321 W/mK, which is 10.69%,
15.10%, and 20.65% higher than the values observed dur-
ing spell 2, spell 4 and spell 1, respectively.

(4) The proposed flat plate SWDS with VT is produced higher
cumulative freshwater than the flat plate SWDS without
VT for all wick materials. Of all types of wick materials,
the fur fabric yielded maximum productivity of 4.40 l/day
and 6.29 l/day for SWDS alone and SWDS with VT,
respectively. The percentage productivity improvement of
the SWDS coupled with VT SC is 30.12% greater than
SWDS alone. This is the fact that the fur fabric has more
porosity than the jute material, terry cotton, and polyester.

Nomenclature

a ¼ accuracy of the instrument, %
A ¼ area, m2

b ¼ breath of wick material, m
C ¼ heat capacity, J/ (kg �C)

Cpw ¼ basin water specific heat, KJ/ (kgK)
h ¼ heat transfer coefficient, W/(m2 �C)

hfg ¼ latent heat of vaporization, J/kg
I ¼ solar intensity, W/m2

l ¼ length of wick material, m
m ¼ mass of freshwater, kg
P ¼ pressure, N/m2

q ¼ heat transfer, W/m2

t ¼ thickness of wick material, m
T ¼ temperature, �C
v ¼ velocity of wind, m/s
V ¼ volume, m3

W ¼ weight, kg

Greeks Symbols

a ¼ absorptivity
e ¼ emissivity, dimensionless
g ¼ thermal efficiency, %
q ¼ density, kg/m3

r¼¼ Stefan–Boltzmann’s constant¼ 5.6697� 10�8 W/(m2k4)
s ¼ transmissivity
/ ¼ wick material’s porosity, %

Subscripts

a ¼ atmosphere
b ¼ basin

bk ¼ bulk
c ¼ convective
d ¼ daily productivity

dry ¼ dry
e ¼ evaporative

eff ¼ effective
ew ¼ hourly productivity
g ¼ glass cover
p ¼ pore
r ¼ radiative

sat ¼ saturation
v ¼ vapor
w ¼ water

w-g ¼ water surface to glass cover
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