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ABSTRACT

This work focuses on the effect of dissimilarity of mass flow rate (17) and number of collectors
(N) on overall yearly energy as well as exergy for single slope solar still included with N similar
partially covered PV/T flat plate collectors (NPVTFPC-SS) in which collectors are series connected.
The water depth has been taken as 0.14 m. The proposed analysis consists of four weather condi-
tions for New Delhi complex climate. The different parameters have been estimated by feeding
all relevant equations to mathematical programming done in MATLAB-2015a. The estimation
of different parameters has been carried out by varying 71, and N while keeping water depth as
constant for knowing the effect of dissimilarity of 7z, and N on yearly overall energy and exergy
for NPVTFPC-SS. It has been concluded that the value of yearly overall energy and exergy for
NPVTFPC-SS having series connection at given value of water depth of 0.14 m increases with the
increase in N at given 11; however, they have been found to decrease with the increase in 1, at given
N. Furthermore, overall energy and exergy have been found to be almost constant beyond r, value

of 0.1 m at given N. The performance of NPVTFPC-SS has been compared with the perfor{nance

of similar system without PV/T.
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1. Introduction

The investigation of solar still of single slope type by
incorporating solar collectors for yearly fresh water yield-
ing, energy and exergy is the need of time as the world is
facing with the scarcity of fresh water. Solar energy based
water purifier has the potential to mitigate the contempo-
rary issue of fresh water scarcity. At the same time, these
types of devices are environment friendly as no pollut-
ants are emitted. The conventional source of energy is
detrimental to the environment due to the emission of

* Corresponding author.

green house gases and hence to the human beings and the
source of conventional energy is limited, too. The active
solar still involving solar panel can generate DC electric
power as well as fresh water. This type of active solar still
is self-sustainable and hence, it can be installed and oper-
ated successfully at the remote locations where sunlight
is present in abundance. Yearly overall energy as well as
exergy analysis of solar still is essential because it gives
an idea about technically feasibility of the system from
energy and exergy viewpoints.

The active solar still came into existence in 1983 [1] and
from that time, many new designs have been reported by
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various researchers around the globe. The active solar still
means the provision of external source of heat to the basin
of passive type solar still. The external source of heat can
be made available as solar collectors/industry waste heat
using heat exchanger or similar other kinds of provision
can be made. Rai and Tiwari [1] reported the enhance-
ment in yield of active solar still by incorporating one con-
ventional flat plate collector (FPC) over passive type solar
still of the same basin area due to the addition of heat to
the basin in active mode of operation. This water purifier
was not self-sustainable as the pump needed some electric
power for working which was supplied through grid.

The active solar still in the forced mode of operation
can be made self-sustainable by incorporating solar panel.
Kumar and Tiwari [2] proposed the integration of PV/T
with FPC for supplying heat to basin of passive type solar
still taking inspiration from the work of Kern and Russell
[3]. It was reported by Kern and Russell that the electri-
cal efficiency of solar panel got increased upon integra-
tion of solar panel with solar collector due the removal of
heat by fluid passing below the panel. Kumar and Tiwari
reported the improvement in output by 3.5 times over
the similar passive type solar still due to the addition of
heat by two collectors in which only one of them was inte-
grated with PV/T for making the system self-sustainable.
The work of Kumar and Tiwari was extended by Singh et
al. [4] for double slope (DS) type solar still in active mode.
Further, Singh et al. [5] and Tiwari et al. [6] reported the
experimental investigation of solar still by incorporating
two FPCs in which both FPCs were partially integrated
with PV/T. They reported an enhancement in DC electri-
cal output; however, the yield of fresh water was less as
compared to the system reported by Kumar and Tiwari [2].
The heat gain was less because more area of FPCs was cov-
ered by PV/T. Further, active type solar still was studied
under optimized situation [7-11]. It was reported that DS
type solar still under optimized condition by incorporat-
ing N alike PVT-FPCs had 74.66% higher energy payback
time (ENPBT) over passive type DS solar still. The value
of exergoeconomic parameter for single slope type solar
still was found to be 47.37% higher than the passive type of
single slope solar still of same basin area. Sahota et al. [12]
reported the use of nanofluid in DS type solar still in active
mode for enhancing the fresh water output. Carranza et
al. [13] have experimentally investigated the performance
of DS type solar still loaded with nanofluid by incorporat-
ing preheating of saline water and concluded that water
yield increases due to better thermophysical properties
of nanofluid as compared to base fluid. Kouadri et al. [14]
have investigated solar still by incorporating zinc and cop-
per oxides for the location of Algeria and compared the
yield with conventional solar still and concluded that the
water yield was improved by 79.39% due to having better
thermophysical characteristic of nanofluid.

The output of solar still could further be enhanced by
changing the design of solar collector which could absorb
higher amount of heat from the sun or by changing the
design of solar still. PV/T integrated FPC could gain higher
heat if some concentrating part was integrated with FPC.
With this concept in mind, Atheaya et al. [15] proposed
PV/T integrated compound parabolic concentrator collector

(CPC) and reported its thermal model which was further
extended by Tripathi et al. [16] for N collectors connected
in series in which loop was opened. Singh and Tiwari [17-
19], Gupta et al. [20,21], Singh et al. [22,23] and Sharma et
al. [24] investigated solar still of basin type by incorporat-
ing characteristic equations development and concluded
that solar still of DS type performs better than solar still
of single slope type under optimized conditions of mass
flow rate (12) and number of collectors (N) at 0.14 m water
depth due to better distribution of solar energy in the case
of DS type. Prasad et al. [25], Bharti et al. [26] and Singh
[27] investigated solar still of DS type from sensitivity view-
point and concluded that the sensitivity analysis helps
designer and installer of solar systems as which parameter
should be focused more for a particular application.

The heat gain by solar collector could further be
enhanced by providing evacuated tubes because convection
loss does not take place through vacuum. Sampathkumar
et al. [28] investigated the solar still by incorporating evac-
uated tubular collector and reported an increase of 129%
over the solar still of the same basin area due to the addi-
tion of heat to the basin by collectors. An investigation of
solar still in natural mode of operation by incorporating
evacuated tubes was done by Singh et al. [29] and reported
exergy efficiency lying in the range of 0.15% to 8%. Further,
an investigation of solar still incorporated with evacuated
tubes was done in forced mode of operation by inserting
pump between collector and basin and reported enhanced
fresh water output as compared to the similar system oper-
ated in natural mode due to better circulation of fluid in the
forced mode of operation [30]. Mishra et al. [31] reported
characteristic equation development for N alike series
connected ETCs. The work reported by Mishra et al. [31]
was further extended by Singh et al. [32-34]. The thermal
modeling of basin type solar still by incorporating N alike
ETCs was reported by them and comparison was also made
between single slope active water purifier and DS type solar
still in active mode taking energy, exergy, energy metrics,
exergoeconomic and enviroeconomic parameters as basis.
Issa and Chang [35] further extended the work of singh et
al. by connecting ETCs in mixed mode of operation exper-
imentally and reported enhanced output as compared
to similar set up in passive mode due to heat addition by
collectors in active mode. Moreover, Singh and Al-Helal
[36], Singh [37] and Sharma et al. [38,39] reported devel-
opment of characteristic equations and the observations
based on the energy metrics for solar still by incorporating
evacuated tubular collector as well as compound parabolic
concentrator integrated evacuated tubular collector.

Patel et al. [40-42] have reviewed solar still recently by
incorporating different types of collectors and by incorpo-
rating various types of collectors to the basin of solar still.
They concluded that the performance of solar still depends
on the shape of basin liners as well as number of collectors.
The evaporation rate gets enhanced by increasing num-
ber of collectors and providing improved design of basin
liner. Due to enhancement in the rate of evaporation, the bet-
ter performance of solar still is obtained. Further, Singh et al.
[43] reviewed solar still by incorporating different types of
collectors and loaded with nanofluid with an aim to find
the effect of nanofluid on the performance of active solar
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still. Nanofluid is obtained by mixing a small quantity of
nanoparticles to water. The effect of adding nanoparticles
to water in solar still is to increase the output (potable
water and exergy) of solar still. The better performance
of nanofluid loaded solar still than loaded with water is
due to the possession of better thermo-physical character-
istic of nanofluid as compared to water. Bansal et al. [44]
have reported the mini review of changing the material
of absorber on the performance of solar still. Shankar et
al. [45] have studied ETC integrated solar still in natural
as well as forced mode and concluded that forced mode
is better for environment as higher carbon credit was
observed in forced mode due to more addition of heat to
basin in the case of forced mode. Abdallah et al. [46] have
investigated spherical and pyramid basin solar stills and
concluded that the spherical basin solar still gave 57.1%
higher water yield due to better utilization of solar radia-
tion in the case of spherical basin.

Thakur et al. [47,48] have studied solar still using dif-
ferent microparticle-coated absorber plate experimen-
tally and they concluded that the daily fresh water yield-
ing was 33.13% higher than conventional solar still due
to improved thermo-physical property. They have also
studied active solar still by incorporating carbon pellets as
energy storage material and conclude that the daily fresh
water yielding for the proposed system was 50.21% higher
than the conventional solar still. It was reported that fresh
water yielding of solar still enhances by 15.6% when con-
densing surface is coated with nano silicon due to change
in condensation pattern from film wise to drop wise [49].
Said et al. [50] have studies the advancement in nanofluid
and they have concluded that nano-particles can improve
the performance substantially when dispersed uniformly
and suspended stably in base fluid. The use of nanofluid in
collectors also increases the performance substantially due
to improved thermophysical characteristics [51]. Sharma
et al. [52] performed experimental validation of DS solar
still integrated with ETC and reported a fair agreement
between theoretical and experimental values.

From the current literature survey, it is seen that the
effect of 71, and N on the yearly overall energy as well as
exergy of NPVTFPC-SS has not been reported by any
researcher throughout the globe. Hence, this research work
deals with the investigation of effect of 71, and N on the
yearly overall energy as well as exergy of NPVIFPC-SS.
Four kinds of weather situations have been considered
while estimating values of energy and exergy using com-
puter code in MATLAB-2015a. The difference between the
earlier reported work and the proposed work lies in the
fact that effect of dissimilarities of 7z, and N on the yearly
overall energy as well as exergy has been estimated for
NPVTFPC-SS, whereas, in the earlier reported works,
yearly overall energy as well as exergy for the active sys-
tem have been estimated at a particular value of 1, and N.
Also, the performance of NPVTFPC-SS has been compared
with the performance of similar system without PV/T.

2. System metaphors

The schematic diagram of NPVTFPC-SS has been
revealed as Fig. 1 and its specification as Table 1. In the

proposed NPVTFPC-SS, heat is provided by N similar par-
tially covered PVTFPCs and hence works in active mode.
When sunlight falls on the surface of condensing cover, it
is transmitted to water surface after reflection and absorp-
tion. The transmittivity of the glass is about 0.95. So, major
portion of sunlight is transmitted to water surface. Again,
after reflection and absorption by water surface, the sun-
light is transmitted to blackened surface kept at the bottom
of basin where almost all parts of radiation gets absorbed.
The temperature of blackened surface kept at the bottom
rises and heat is transferred to water from the blackened sur-
face. Water in the basin also receives heat from N alike series
connected PV/T collectors. Thus, temperature of water rises,
and evaporation occurs which depends on the tempera-
ture difference between water surface and inside surface of
glass cover. The vapor gets condensed through film wise
condensation at the inside surface of glass. The condensed
water trickles down under the gravity and gets collected at
the channel fixed at the lower side. The fresh water is then
collected in jar through tube connected to the channel.

3. Mathematical modeling based on energy
balance equations

Mathematical modeling of N similar partially covered
NPVTFPC-SS means writing equations for all its compo-
nents by equating input energy to output energy. Following
assumptions presented in Singh et al. [5], the mathe-
matical modeling can be done as follows:

3.1. Useful energy gain for N similar partially covered
PVTFPCs connected in series

As per the study of Singh et al. [5] and Shyam et al. [53],
the rate at which useful thermal energy is gained from N
number of identical and partially covered PVIFPCs con-
nected in series is given as

Qu = N(Am + AC)[(aT)eff,N I(t> “Uy (Tﬁ - Tu)] @)

In the set-up discussed in previous studies, a number
(N) of PVTFPCs were connected in series in open loop con-
figuration. While, they have been connected to solar still
of single slope type in closed loop in the PVTFPC active
solar distillation system considered in the present study.
Water coming from the basin of the solar still of single slope
type enters the first PVTFPC through DC motor pump
and outlet from Nth PVTFPC discharges into the basin of
solar still of single slope type. Therefore, T, turns out to
be equal to T . The temperature of water coming out from
Nth PVTFPC (T, ) is expressed as [53]:

B (AF, (o)) (1-KY)

k

(1_Kk)

(AFU,), (1-KY)
(1 - Kk)

I(t)+

= T +K'T, (2)
foN . . a k ~fi
i1, Cy 11, Cy

where T, = T . The water exiting Nth PVTFPC enters the

i
basin of solar still of single slope type at that temperature.

Hence, TWO = TfON. The expression for the various terms

occuring in Egs. (1) and (2) can be found in Appendix-A.
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Fig. 1. Schematic diagram of solar still of single slope type integrated with N similar partailly covered PVIFPCs having

series connection.

The electrical efficiency of solar cells () for a number
(N) of PVTFPCs as a function of temperature is given as
[54,55]:

N =n,[1-8,(T-T,)] 6)

where 1 is the efficiency for a given standard test condi-
tion, while T is the average temperature of the solar cell
for the Nth PVTFPC. T is calculated using the results of
Shyam et al. [53] in which T, = T since a number (N) of
series connected PVTFPCs are in a closed loop including
the basin of solar still of single slope type.

3.2. For solar still of single slope type

The equation based on equating input and output ener-
gies for different components of solar still of single slope
type can be written and these equations can be further sim-
plified using Eq. (1) following the principle of mathematics
and expression for water temperature (T) as a function of
time can be written as:

T, = L(t)(l - e‘"")+ T,e ™ )
a]

where T is the temperature of water at the initial condition
(t=0) and f,(t) is the average value of f,(t) over the time inter-
val from 0 to t. Once T is computed from Eg. (4), one can
compute temperature of inner and outer surfaces of glass
cover (Tgi and Tgo) as:

o I(t)A, +h, T A +U TA
T = g s g 1w w* b cgaa’’g (5)
B U A +h A
c,ga’’g w
K
nggi+h1gn
__38
= (6)
—£+h,
L 8

8

After estimating parameters namely water temperature
(T) and glass temperatures, the hourly yield (i) can be
estimated as:

h, AT —

ewg” b

it = (Lng) x 3,600 @)

ew

where L is latent heat which can be taken as 2,400 k]/kg-K.

4. System analysis at various climates

For the analysis of the effect of dissimilarity of 11, and N
on yearly overall energy as well exergy for NPVTFPfC—SS, 4
climatic situations for each month of year have been taken.
These climatic situations can be defined by number of sun-
shine hours (N’) and daily diffuse to daily global irradiation
ratio () as follows [56].

r<025and N'>9h
0.25<7r"'<050and 7h<N’<9h

® C(Clear day (blue sky)
e Hazy day (fully)
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e Hazy and cloudy (partially) 050 < r < 0.75 and
5h<N'<7h
e Cloudy day (fully) r20.75and N'<5h

4.1. Energy analysis

The expression of yearly overall energy (E ) for
NPVTFPC-SS considering first-law of thermodynamics
can be expressed as:

E _(MeWXL)+(Pnz_Pu)
ot 3600 0.38

®)

where M_ is annual potable water output obtained from
NPVTFPC-SS, P, is yearly electrical power received from
PV/T, P is yearly electrical power utilized by pump and
L is latent heat. Here, factor 0.38 which is present in the
denominator converts electrical energy (high grade
energy) into heat (low grade energy). This factor is basi-
cally the efficacy of power output taken from conventional
power plant [57].

The hourly electrical energy (Exe) for the solar panel
used in NPVTFPC-SS can be expressed as follows:

N

Bx, = AL (HY (o) ©)

Eq. (9) can be used for evaluating daily electrical exergy
of type (a) climatic situation by summing the hourly value
of 10 h because the solar flux exists for 10 h only. The sim-
ilar approach has been used to work out the daily electri-
cal energy for rest types of climatic situation, that is, type
(b) to type (d). The value of electrical energy on monthly
basis for type (a) climatic situation has been evaluated as
the multiplication of electrical energy on daily basis and
the corresponding value of number of clear days (n’). The
similar approach has been used to work out the electrical
energy on monthly basis for rest types of climatic situation,
that is, type (b) to type (d). The value of net electrical energy
on monthly basis has been worked out by summing elec-
trical energies values for type (a) to type (d) climatic situ-
ations. The value of electrical energy (P,) on annual basis
has been worked out by the summing of electrical energy
on monthly basis for 12 months. The similar approach has
been followed for the estimation of annual fresh water
yield (M,,).

4.2. Exergy analysis

Exergy analysis has been done based on first-law
(energy) and second-law (entropy) of thermodynamics. The
hourly output thermal exergy Ex_ (W) for NPVTFPC-SS
can be expressed as [58]:

(T, +273)
(T, +273)

w gi

x%x (T,-T,)~(T, +273)xIn

(10)

where
P,—P,
h. =16273x10"h_ g [59] (11)
ewg cwg Tw _ Tgi
(5
. (P, - B,)(T, +273) |
=0.884|(T, -T. )+ 60 12
eve ( © g‘) 268.9%10° - P, [60] 12)
P, =exp| 25317 — o144 (13)
(T, +273)
and
P =exp| 25.317 - 514 (14)
(T, +273)

Eq. (10) can be used for evaluating daily thermal
exergy of type (a) climatic situation by summing the
hourly value of 10 h because the solar flux exists for 10 h
only. The similar approach has been used to work out the
daily thermal exergy for rest types of climatic situation,
that is, type (b) to type (d). The value of thermal exergy
on monthly basis for type (a) climatic situation has been
evaluated as the multiplication of thermal exergy on daily
basis and the corresponding value of number of clear days
(n”). The similar approach has been used to work out the
thermal exergy on monthly basis for rest types of climatic
situations, that is, type (b) to type (d). The value of net
thermal exergy on monthly basis has been worked out
by summing thermal exergy values for type (a) to type
(d) climatic situations. The value of thermal exergy on
yearly basis has been worked out by the summing thermal
exergy on monthly basis for 12 months.

The value of yearly overall annual exergy gain (G
for NPVTFPC-SS has been expressed as follows:

cx,armual)

EXout + (Pm - Pu) (15)

ex,annual

5. Methodology

The methodology to investigate the effect of 71, and N on
the yearly overall energy as well as exergy for NPVTFPC-SS
are as follows:

Step I

Taking the value of solar flux on the horizontal plane
from IMD located at Pune in India, the value of solar flux
on inclined plane has been evaluated using Liu and Jordan
formula by computational program in MATLAB. The data
for surrounding temperature has been accessed from IMD
situated at Pune in India.

Step 11

The computation for potable water yielding per hour
basis for different values of 1, and N has been carried out
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with the help of Eq. (7) followed by the computation of
potable water yielding on per year basis.

Step 111

The computation for exergy based on per hour for dif-
ferent values of 71, and N has been carried out with the help
of Eq. (10) followed by the calculation for exergy on per
year basis.

Step IV

The calculation for gross energy output values at various
values of 1, for given N have been performed using Eq. (8)
followed by calculation for gross energy output on per year
basis.

Step V

The calculation for gross exergy output values at var-
ious values of i1 for given N have been performed using
Eq. (15) followec{ by calculation for gross exergy output on
per year basis.

The methodology for investigating the effect of i,

and N on the yearly overall energy as well as exergy
for NPVTFPC-SS have been revealed as Fig. 2 for better
understanding.

6. Results and discussion

The required data and all relevant equations have been
fed to computational program written in MATLAB. Data

Table 1

on the horizontal surface has been taken from IMD Pune
India. Data on the inclined surface has been evaluated
using Liu and Jordan formula with the help of MATLAB-
2015a. The output of programme has been presented in
Figs. 3-7 and Tables 2—4.

Table 2 represents the computation of yearly fresh water
yielding for NPVTFPC-SS at 11, = 0.02 kg/s and N = 6. Yearly
fresh water yielding for N identical FPCs integrated with
SS (NFPC-SS) at i1, = 0.02 kg/s and N = 6 has been carried
out in the similar fashion. The water depth has been taken
as 0.14 m. Similarly, fresh water yielding at other values of
rir, and N has been evaluated and presented as Fig. 3. It is
observed from Fig. 3 that the values of fresh water yielding
diminish as the value of 1, increases at given N. It happens
because water flowing through tubes of collector gets less
time to absorb heat at higher value of 7. The value of fresh
water yielding based on year decreases as the value of
increases and then it becomes almost constant because after
certain value of 71, heat absorbed by water is very small
as water flowing through tubes does not get time due to
increased speed and the system behaves as working in pas-
sive mode. It has also been observed from Fig. 3 that the
value of fresh water yielding increases as the value of N is
enhanced at given value of 11, because increase in N results
in the addition of more heat at enhanced value of N which
further enhances the evaporation rate and hence fresh
water yielding gets enhanced with increase in N at given
1. The value of fresh water yielding for NFPC-SS is higher
than the value of fresh water yielding for NPVTFPC-SS
because thermal energy gain of collectors increases in
the absence of PV/T and higher amount of heat is added
to basin which results in increased fresh water yielding.

Specifications of solar still of single slope type integrated with N similar partially covered PVTFPCs having series connection

Component Specification Component Specification
Solar still of single slope type

Length 2m Orientation South

Width 1m Thickness of glass cover 0.004 m
Inclination of glass cover 15° KS 0.816 W/m-K
Height of smaller side 0.2m Thickness of insulation 0.1m
Material of body GRP Thermal conductivity of insulation 0.166 W/m-K
Material of stand GI Cover material Glass
PVT-FPC collector

Type and no of collectors Tube in plate type, N Aperture area 2 m?

Receiver area of solar water collector 1.0mx1.0m Area of module 0.25mx1.0m
Collector plate thickness 0.002 Area of collector 0.75mx1.0m
Thickness of copper tubes 0.00056 m F 0.968

Length of each copper tubes 1.0m p 0.84

K, (Wm™ K™) 0.166 T, 0.95

FF 0.8 o, 0.9

Thickness of insulation 0.1m B, 0.89

Angle of CPC with horizontal 30° a, 0.8

Thickness of toughen glass on FPC 0.004 m Pipe diameter 0.0125 m
Effective area of collector under glass 0.75 m? DC motor rating 12V, 24 W
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The initial data i.e. solar flux and the ambient air temperature for New Delhi’s climatic

conditions were obtained from IMD, Pune, India.

For the inclined surface, Liu and Jordon formula has been incorporated in the MATLAB to

compute the scale of solar intensity at 30° northern latitude.

The magnitudes of T, T y; and Ty, have been evaluated using eqn. (4), (5) and (6)

respectively.
Flow of fluid mass per unit time has been Number of collectors has been varied
varied keeping other parameters constant. keeping other parameters constant.

v '
v

Values of hourly fresh water yielding for various values of 7 and N has been carried out
with the help of equation (7) followed by the computation of potable water yielding on per
year basis.

v

The computation for exergy based on per hour for different values of m; and N has been
carried out with the help of equations (10) followed by the calculation for exergy on per
year basis.

'

The calculation for gross energy output values at various values of 7 for given N have
been performed using equation (8) followed by calculation for gross energy output on per
year basis.

v

The calculation for gross exergy output values at various values of 7is for given N have
been performed using equation (15) followed by calculation for gross exergy output on per

year basis.

Fig. 2. Flow chart for the methodology followed for NPVTFPC-SS.
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Fig. 4. Variation of yearly thermal exergy with rii, for solar still of single slope type integrated with N similar partially covered

PVTFPCs at different N.

Table 3 represents the computation of yearly thermal
exergy for NPVTFPC-SS at 71, = 0.02 kg/s and N = 6. Yearly
thermal exergy for NFPC-SS at 1, = 0.02 kg/s and N = 6 has
been carried out in the similar fashion. The water depth
has been taken as 0.14 m. Similarly, thermal exergy at other

values of 71, has been evaluated and presented as Fig. 4.
It is observed from Fig. 4 that the value of thermal exergy
decreases as the value of 11, increases. It happens because
water flowing through tubes of collector gets less time to
absorb heat at higher value of 1, which result in less rise
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in temperature of water. The value of thermal exergy based
on year decreases as the value of i, increases and then it
becomes almost constant because after certain value of
rit, heat absorbed by water is very small as water flowing
through tubes does not get time due to increased speed
and the system behaves as working in passive mode. It
has also been observed from Fig. 4 that the value of yearly
thermal exergy increases as the value of N is enhanced at
given value of 71, because increase in N results in the addi-
tion of more heat at enhanced value of N which further
enhances the temperature of water and hence yearly ther-
mal exergy gets enhanced with increase in N at given 1
The value of thermal exergy for NFPC-SS is higher than the
value of thermal exergy for NPVTFPC-SS because thermal
energy gain of collectors increases in the absence of PV/T
and higher amount of heat is added to basin which results
in increased temperature of water in the basin and hence
higher thermal exergy gain is obtained for NFPC-SS.

Table 4 represents the computation of yearly electrical
exergy for NPVTFPC-SS at r, = 0.02 kg/s and N = 6. The
water depth has been taken as 0.14 m. Similarly, electrical
exergy at other values of 1, has been evaluated and pre-
sented as Fig. 5. It is observed from Fig. 5 that the value
of electrical exergy increases as the value of 11, increases.
It happens because water flowing through tubes of collec-
tor takes away higher amount of heat from PV/T at higher
value of r1. which results in decrease in temperature of solar
cell. Due to decreased temperature rise of solar cell, better
efficiency is obtained and hence higher electrical energy
output. It is also observed that the value of electrical exergy
output becomes almost constant after certain value of m
and then it becomes almost constant. It has been found to
occur because water is not able to take away heat from PV/T
at very high velocity of water because water does not have
time to collect energy from sun. It has also been observed
from Fig. 5 that the value of electrical exergy increases as

the value of N is enhanced at given value of i, because
increase in N results in the addition of heat collection area
as well as PV area. The value of electrical energy output for
NFPC-SS becomes nil due to the absence of PVT.

Figs. 6 and 7 represent the variation of yearly overall
energy and yearly overall exergy respectively with different
values of i and N. It is observed from Fig. 6 that the yearly
gross energy decreases as the value of i, increases due to
similar variation in yearly fresh water yielding. The varia-
tion in yearly yield and yearly electrical exergy is opposite;
however, the decrease in yearly fresh water yield overcome
the increases in electrical energy with the increase in value
of ri1. Similar variation has been observed in yearly over-
all tﬁermal exergy. It has also been observed that overall
thermal energy and exergy for NFPC-SS is higher than the
corresponding values for NPVTFPC-SS because of similar
trends in thermal energy and exergy.

7. Conclusions

The analysis for NPVTFPC-SS and NFPC-SS has been
done considering all four kinds of atmospheric situations to
know the effect of dissimilarities of #i7.and N on yearly over-
all energy as well as exergy. Based on the current research
study, the following conclusions have been made:

¢ The value of yearly fresh water yielding as well as ther-
mal exergy has been found to diminish with the increase
in value of i, and becomes almost constant beyond
0.10 kg/s; however, they have been found to increase with
increase in N at given 11, value.

¢ The value of yearly electrical exergy has been found to
increase marginally with the enhancement in 1, value
and significantly with the enhancement in N value.

¢ The value of yearly overall energy as well as exergy has
been found to diminish with the increase in value of 1,
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Fig. 5. Variation of yearly electrical exergy with 1, for solar still of single slope type integrated with N similar partially

covered PVTFPCs at different N.
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Fig. 6. Variation of yearly gross energy with 1, for solar still of single slope type integrated with N similar partially covered

PVTFPCs at different N.

Fig. 7. Variation of yearly gross exergy with 71, for solar still of single slope type

PVTFPCs at different N.

and becomes almost constant beyond 0.10 kg/s; however,
they have been found to increase with increase in N at

given ri1, value.

¢ Values of fresh water yielding, thermal exergy, overall
thermal exergy and overall thermal energy is higher for
NFPC-SS than the corresponding values for NPVTFPC-SS.
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K, —  Thermal conductivity of glass, W/m-K

I(t) —  Global radiation falling on collector, W/m?

—  Ambient temperature, °C
—  Thickness of insulation, m

—  Absorptivity of the solar cell
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Temperature coefficient of efficiency, K

Length of collector covered by glass

Length of collector covered by PV module

Solar cell efficiency

PV module efficiency

Temperature dependent electrical efficiency of
solar cells of a NPVTFPCs

Breath of collector, m

Product of effective absorptivity and
transmittivity

Collector efficiency factor

Solar cell temperature, °C

Absorber plate temperature, °C

Thickness of absorber plate, m

Thermal conductivity of absorber plate, W/m-K
Fluid temperature at collector inlet, °C
Temperature of fluid in collector, °C

Penalty factor due to the glass covers of module
Penalty factor due to plate below the module
Penalty factor due to the absorption plate for
the glazed portion

Penalty factor due to the glass covers for the
glazed portion

Packing factor of the module

Efficiency at standard test condition

Outlet water temperature at the end of Nth
PVTEFPC water collector, °C

Heat transfer coefficient for space between the
glazing and absorption plate, W/m?-K

Heat transfer coefficient from bottom of PVT to
ambient, W/m?2-K

Heat transfer coefficient from top of PVT to
ambient, W/m2-K

Overall heat transfer coefficient from cell to
ambient, W/m?2-K

Overall heat transfer coefficient from cell to
plate, W/m?-K

Heat transfer coefficient from blackened plate to
fluid, W/m?-K

Overall heat transfer coefficient from plate to
ambient, W/m?2-K

Overall heat transfer coefficient from module to
ambient, W/m?2-K

Overall heat transfer coefficient from glazing to
ambient, W/m?2-K

Annual power generated from photovoltaic
module, kWh

Annual power utilized by pump, kWh
Emissivity

Absorptivity

Hourly exergy, W

Solar intensity on glass cover of solar still of
single slope type, W/m?

Glass temperature at inner surface of glass
cover, °C

Radiative heat transfer coefficient from water to
inner surface of glass cover, W/m?K

Convective heat transfer coefficient from water
to inner surface of glass cover, W/m*K
Evaporative heat transfer coefficient, W/m?-K
Mass of water in basin, kg

— Mass of distillate from of double slope solar

still, kg

M, — Annual yield from solar distillation system, kg

a — Clear days, blue sky

b — Hazy days, fully

c — Hazy and cloudy days, partially

d — Cloudy days, fully

Qu — Rate of useful thermal output from N identical
partially (25%) covered PVTFPC water collec-
tors connected in series, kWh

Gyamu  — Annual exergy gain, kWh

In — Natural logarithm

SS — Single slope

T — Time, h

R — Reflectivity

T. — Temperature of sun, °C

T, — Temperature of water in basin, °C

T — Ambient temperature, °C

T, — Water temperature at t =0, °C

T, — Average solar cell temperature

E,. — Opverall annual energy available from PVT-
CPC solar distillation system, kWh

Y — Daily yield, kg

M — Monthly yield, kg

Ex — Daily exergy, kWh

Exm — Monthly exergy, kWh

N — Number of PVTFPC water collector

E_ — Embodied energy, kWh

FPC — Flat plate collector

PVT — Photovoltaic thermal

N’ — Number of sunshine hours

r — Daily diffuse to daily global irradiation ratio

Subscripts

g — Glass

w — Water

in — Incoming

out — Outgoing

eff — Effective
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Appendix-A

Expressions for various terms used in Egs. (1)—(9) are as

follows:

1 -1
L L
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“ | h, Kg P | h Kg
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