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ABSTRACT

In this communication, an analytical expressions of water temperature, condensing cover tempera-
ture, yield and electrical power of self-sustained photovoltaic thermal-active solar distillation system
has been derived in terms of design and climatic parameters. Effect of inclination of single slope and
conical shape of condensing cover on an overall thermal and exergy of the proposed system have also
been studied. On the basis of numerical computation, the following conclusions have been drawn:
(i) The yield is optimum with conical shape of condensing cover with inclination of 60° at water depth
of 0.01 m and mass flow rate of 0.01 kg/s; (ii) The yield decreases with the increase in water depth at
larger mass flow rate >0.01 kg/s as per our expectation and vice-versa for lower mass flow rate.

Keywords: Solar still; Purification of water; Rectangular and conical condensing cover

1. Introduction

Water is the most precious gift of nature. It is essential
for existence and survival. There is a huge shortage of safe
drinking water posing a great threat for survival to life on
the planet. Water scarcity arises due to a high rise in pop-
ulation, rapid industrial development and large scale farm-
ing activities to produce enough food grains [1]. Large scale
deforestation and climate change are also responsible for
water stress. The health of billions of people around the
world is affected due to drinking unsafe water. Consuming
contaminated water causes water-borne diseases and is
responsible for the untimely death of a large number of peo-
ple. Another important reason for water crisis is due to the
attitude of sheer carelessness and negligence by the majority
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of urban dwellers. Before modernization and advent of tech-
nology people were able to get water for their usage from
drawing it from well, river fountain etc. They cultivated the
habit of using water sparingly utilizing every drop of water
optimally. For minimizing water stress it is must learn to
conserve, preserve, recycle, recharge water table by water
harvesting.

Solar stills are a viable solution to produce safe drink-
ing water in far remote locations, where it is not feasible to
transport water, facing drought-like situation, not having
power connectivity or facing frequent power outages. Most
of the available desalination technologies are powered by
conventional energy produced by the combustion of fossil
fuels. Fossil fuels are depleting at an alarming rate and det-
rimental to the environment and health [2]. Solar still has a
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bright future because of the simple technology used for pro-
ducing potable water, easy to maintain and operate, envi-
ronmental-friendly and economically viable [3]. Solar dis-
tillation is a process of producing safe drinking water from
saline/contaminated water using thermal energy from solar
radiation. Heat energy received is directly utilized to evap-
orate contaminated water kept inside an airtight chamber
known as a solar still.

Solar stills are classified into two categories, one is pas-
sive solar still and the other one is active solar still. Tiwari
and Sahota [4] have carried out a detailed study of passive
and self-sustained active solar still working under forced
mode to compare their energy and economic efficiencies.
In the case of a passive solar still, basin water is directly
heated by solar radiation. A lot of design of passive solar still
have been studied and presented by several authors. Malik
et al. [5] have evaluated and reported passive solar distil-
lation up to 1982. Tiwari and Lawrence [6] have updated
the work done on passive solar still including active solar
still. Tiwari and Tiwari [7] have investigated and presented
the influences of various parameters on the productivity of
passive solar still. Dwivedi and Tiwari [8] have presented
energy and exergy analysis of single as well as double slope
passive solar still. Tiwari and Sahota [9] have written a
book on advanced solar distillations in which authors have
described functioning and thermal modeling of passive and
active solar stills.

In the case of active solar still additional thermal energy
is fed by external mode [10] to enhance the temperature dif-
ference between evaporating and conducting surface. The
active solar still is classified as fossil fuel-based (conven-
tional flat plate collector (FPC) integrated) and solar ener-
gy-based photovoltaic thermal (PVT integrated) under force
mode of operation. In fossil fuel-based solar still, fossil fuel
is used to power (electricity) the pump. Various researchers
have reported on solar distillation integrated with FPC/con-
centrator. Rai and Tiwari [11] have worked on active solar
still the first time in forced mode. They have reported that
the temperature of brine solutions is influenced by mass
flow rate, the quantum of solar radiation received and types
and the quality of heat storage materials. Lawrence and
Tiwari [12] have carried out a theoretical evaluation of solar
distillation in thermosyphon mode. Zaki et al. [13] have pre-
sented an experimental investigation coupled with concen-
trator assisted solar still. Tiwari et al. [14] have developed
the thermal model for the active solar still integrated with
different types of solar collectors and compared experimen-
tal results with theoretical values. Boubekri et al. [15] have
conducted a numerical computation on active solar still inte-
grated with PVT-SWH in addition to internal and external
reflectors. Singh et al. [16] reported on active solar distilla-
tion with partially covered photovoltaic FPC. Mishra et al.
[17] have investigated performance evaluation of active solar
still in natural mode. Recently, Manokar et al. [18] have pre-
sented a comprehensive review of the solar still integrated
with PVT technologies. Naroei et al. [19] have performed an
experimental and numerical analysis on the performance of
stepped active solar still connected with PVT water collec-
tor. Elbar and Hassan [20] have demonstrated experimen-
tation on the performance of active solar still coupled with
photovoltaic module as a reflector. They have done their

work on the opaque photovoltaic module. Nayi and Modi
[21] have illustrated a comprehensive review of the recent
techniques for solar still performance improvement and the
latest development and challenges in the research of pyr-
amid solar still. Further, Selvaraj and Natarajan [22] have
discussed a detailed review of the various factor influenc-
ing the productivity and performances of solar stills. They
have concluded that besides the conventional methods,
there are few methods, namely, absorbing plate materials,
floating plates, wick materials, energy-storing materials, the
addition of fins, reflectors, vacuum tubes, etc. can be used
for the improvement of the productivity of still. Panchal et
al. [23] have demonstrated experimentation on various tech-
niques to enhance the yield of tubular solar still. None of
the above authors have reported the effect of shape of con-
densing cover in active solar still under forced mode. In this
research paper, the shape of the condensing cover has been
taken as conical for different inclinations to increase the area
of condensing cover. Basin area in all the three cases, that
is, for conventional single slope passive solar still, active
solar still integrated with PVT-FPC and conical active solar
still coupled with PVT-FPC remain the same that is 1 m?
With an increase in the area of condensing cover, the hourly
yield will increase but water temperature will reduce. In the
present study, fully covered semi-transparent PVT-FPC has
been considered unlike others.

2. System description

Fig. 1 represents an active conventional solar still cou-
pled with fully covered semi-transparent PVI-FPC. The
conventional solar still is made of fibre reinforced plastic
which serves as an insulator to minimize heat loss from the
basin. Its top cover is made of transparent glass in rectangu-
lar shape through which direct solar radiation (direct gain)
reaches in the rectangular shape basin having an effective
area A, =1 m? (as shown in Fig. 1). In order to receive opti-
mum heat energy orientation of solar still is most import-
ant. The orientation of a single slope is kept south facing
for better performance. For optimum yield, the inclination
of condensing cover is taken equal to 15° for the summer
point of view. The basin liner and side walls are painted
black to absorb maximum heat reaching the basin. In this
case, water is heated directly (direct gain) and also indi-
rectly using the PVT-FPC. The main objective of integrating
PVT-FPC with conventional passive solar still is to feed the
hot water into a basin and electric power generation which
is used to run the motor for circulation of basin water in a
closed-loop through the collector. This arrangement will
enhance the temperature gradient between the water surface
and the inner condensing cover. Passive solar still operates
at a lower temperature range but active solar still operates
at a higher temperature range. With a gain in temperature,
the rate of evaporation increases which results in increased
yield from solar still as compared to that of passive solar
still. Further, to study the effect of the shape of condensing
covers, a PVT-FPC integrated active solar still having coni-
cal shape condensing cover and a circular basin area of an
effective area A, = 1 m* (as shown in Fig. 2) has been con-
sidered. In this case, to see the effect of inclination on the
performance, the inclination of conical condensing cover is
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Fig. 1. (a) Schematic representation of active conventional solar still having rectangular basin shape of an effective area A, =1 m? cou-
pled with fully covered semi-transparent PVT-FPC and (b) rectangular shape of a basin.

changed from 15° to 60° (referring to Fig. 2). For compara-
tive analysis, the basin area of all the three configurations
has been kept same, that is, 1 m? under same operating
conditions and following condensing cover shape has been
considered:

¢ Rectangular condensing cover for passive and active
solar still.
* Conical condensing cover for active solar still.

3. Thermal modeling

For the purpose of simplification of the numerical simu-
lation of the proposed model, the following assumptions are
needed that are given as bellows:

e Whole process in the proposed system is considered
under the quasi-steady state conditions.

* Heat capacities of the materials used in the design of the
proposed model are neglected.

* One-dimensional heat flow has been considered for the
present simulation.

* Ohmic losses between the solar cells of PVT-FPC collec-
tors are neglected.

* There is no stratification of temperature between layers
of fluid.

* Vapor leakage proof system is considered.

* Pressure losses in the pipe flow are neglected.

3.1. Photovoltaic thermal-flat plate collector (PVI-FPC)
3.1.1. Energy balance for solar cells of PVT-FPC

Following Tiwari et al. [24,25], the energy balance for
the PVT-FPC integrated with the solar still is presented as
given below:

arBLA, =U,, (T

c

~T)A,+U,,, (T -T )Am +nTBLA, (1)

¢ 4
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Fig. 2. (a) Schematic representation of PVI-FPC integrated active solar still having conical shape condensing cover and circular
basin area of an effective area A, =1 m* and (b) circular shape of a basin (proposed model).

[Incident radiation on PVT-FPC] = [Heat loss from
the solar cell to ambient from top surface] + [Heat trans-
ferred from solar cell to absorber surface through
glass] + [Electrical power generated by the photovoltaic
module of PVT-FPC].

From Eq. (1), the corresponding solar cell temperature
of photovoltaic module of the collector can be obtained as
follows:

(1) (L +U, T+ U, T,

t,ca®a tepTp

T =
¢ u,,+4u,.,

t,c

@)

3.1.2. Energy balance for absorber plate of PV IT-FPC

Similarly, the energy balance for the blackened tube in
plate absorber having high thermal conductivity below the
photovoltaic module of the collector is shown below:

ot (1-B)A +U,,CP(T -T )Am :F'hpf(Tp —Tf)A +

¢ m c P m

u,,.(T,-T,)A, ©)

[Solar radiation available on the absorber plate through
the non-packing area photovoltaic module of collector]
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+ [Rate of heat transferred from solar cell to absorber plate
due to temperature difference] = [Rate of heat carried away by
the fluid flowing through the tubes of absorber plate] + [Heat
loses from the absorber plate to the ambient].

With the help of Egs. (2) and (3), the absorber plate
temperature can be obtained as given below:

T = [(ar)z,eﬁ +PF, (a’c)l/eff:|r +UT, + F,hprf

4
’ u,+ F’hpf @

3.1.3. Energy balance for the flowing fluid

Further, the rate of thermal energy carried away by the
flowing fluid through the tubes of the absorber plate below
the semi-transparent photovoltaic module of the PVI-FPC
can be expressed as follows:

T, '
i, C, —Ldx = thf(Tp —Tf)bdx )

f

On substitution of Eq. (4) into the above equation, the
above expressions can the rewritten as:

dT
it C,—Ldx = F[PE (o) 1
X

m,eff €

~U,,, (T, -T,) Jodx ©6)

Since in the present modeling, the PVT-FPC is connected
with the solar still (referred to Fig. 2), thus Eq. (6) can be
solved by using initial condition, T _,=T,=T, the solution
can be obtained as follows:

PE (ot I _F
Tf _ 2( )m,eff - T || 1-exp F.ULmbx n
u,. mef

Further, the temperature of the fluid at the outlet of
the PVT-FPC, which is fed to the solar still as shown in
Fig. 2 can be obtained as follows:

x=0

@)

43
T, =T, ®)
or,
T = PF2 (at)m,eff IC +T 1— exp _F'uLmerm +
P u,., ‘ i, C,
TP{M} ©)
1,Cy
or,
T = PFZ (ar)m,eff IC +T 1-— exp _Fu,Lm A"” +
4 uLm1 ! mfcf
-F A
T, exp{,u““'"} (10)
1, Cy

Later on, the rate of useful heat gain at the outlet of PVT-
FPC can be estimated as follows:

Q, =m,C, (Tf0 ’Tw) ()
~ On substitution of Eq. (10) into Eq. (11), the expression for
Q, can be represented as follows:

Qll = AmFRm |:PF2 (G’T)m,eﬁ Ic - uLm (Tuv - Ta):| (12)

Numerical values for the terms PF,, PF,, (at), 4 (07), ¢
(on)m,eff, Fy.» etc. have been given in Table 1.

Following Schott [26] and Evans [27], the temperature-
dependent electrical efficiency of the solar cell of photovol-
taic module of the collector is given as follows:

N, =Ny |:1_Bo (Tc _TO)J (13)

Further, on substitution of Egs. (2), (4) and (7) in the
above equation, the expression for n_for the PVT-FPC can be
written as follows:

] I u,, u,_Fh 1]
R T {(07), , +PEap }+——
I 12 E M ’ 2mef(UL2+thf)
1
T {PE,(ac),  +PEPEatf |4, F, T,
n,|1-P u, u u, Fh
’ ' +Ta uf,ca + e !LZ + . - ’ {AmFRmuLm}
Uy, +Flhy 2, C, (U, +Fh) (14)
u, Fh,(1+K,)
Yo2(uy, +Fhy)
N =——r ]
u u, Fh
17 nOBOIC ‘C‘ZBC + 'fCP/ PFlrch + . e o 1 PFZPFIT‘ZBCAMFRm
ut,ca + uf,cp ° uLZ +F hpf 2mef (ULZ +F hpf) N
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Table 1
Design parameters used in numerical computation

A =21m? l,lf'Pa =48 W/m?K
A=1m? hPf =100 W/m?
F'=0.9680 h,=5.7 W/m?
Fy..=0.8050 hi=5.8 W/m?
I<g =0.816 W/m K h,=9.5 W/m?
Lg =0.003 m k=100 W/m?
K.;=0.166 W/m K o’ =0.7600
L,=0.100 m (ar),,,=0.5241
K, =0.6832 W/m K (01), o = 0.6375
Kp =6 WmK (a1), = 0.0794
L,=0.002m (a1),, = 0.3205
L,=0.100 m a =09

PF, =0.3782 ,=0.5861
PF,=0.9512 é =0.0095
U=10.75 W/m?K o' =0.1787
UA _,=10.75 W/m>K a,=08

U, =347 W/m>K B,=0.0045

U, =827 W/m>K B,=0.89-0.25
u, =787 Wm?K T, = 0.95

U, =9.17 Wm?K

1

u, =558 W/m2K

1

C,=4,200 J/kg K

Now, using Eq. (14), the electrical efficiency and electri-
cal power output of module of PVI-FPC can be evaluated as
follows:

n, =TBN, (15)
and,

E,=n,A,lL (16)
respectively.

3.2. Energy balance for solar still
3.2.1. Energy balance equation for condensing cover of still

Following Tiwari [10], energy balance equation for glass
cover of solar still can be written as follows:

0{"1 A +h1w (Tw _Tco)Ab :hZ (Tco _T:z)Aco

g co” “co (17)
[Incident solar radiation over condensing cover + equiv-
alent heat transfers from water to glass] = [Heat loss from
condensing cover to ambient by convection].
From Eq. (17), the equation for the temperature of
condensing cover is obtained as follows:

o'l A . +h T +h A T

g co” "1eff 1w w 2% M, eff “amb
w " ThA (18)
( 1w + 2% 7 eff )
A, . . .
where A, ;= " A_ is are of condensing cover and 4, is the

b
area of basin of the solar still.

Further, on solving Eq. (17) for, one can obtain the
expression as follow:

h(T,-T,)=U,/(T,-T)-a/ I H (19)

[ g co

h h, A

lthAl,eff 1w ~1,eff

and H=—"—"—.
h,, +h,A h, +hA

Tw 2% M, eff 1w 2771, eff

where, U, =

3.2.2. Energy balance equation for basin liner of still

The net energy as absorbed by the basin can be presented
as the sum of the heat transferred to basin water and heat loss
through bottom insulation.

ol A, =h, (Tb _Tw)Ab +hb(Tb _Ta)Ab (20)

From Eq. (20), one can obtain the expression for a
temperature of the basin as follows:

_a’l +T h

T b~ co w 1w

b h,+h,

T
+h,T, 1)

Later on, solving Eq. (20), one can obtain the expression
for h, (T,~T,) as follow:

hy(T,-T,)=a/l H, -U, (T, -T,)

g co

(22)

— h%hb
"+ h,

3

where, H, = and U

3+h

3.2.3. Energy balance equation for water of still

The energy balance for the water mass of active solar still
integrated with PVT-CPC has been represented as follows:

Q, +ayl A, +h,(T,~T,) A, =M,C, % + 1y, (T, - T,) A, (23)

where Q, is the useful heat gain (Eq. 12) fed to the solar till
by PVT-FPC.

Further, using Egs. (12), (19) and (22), one can write the
resultant equation as given below:

Lo vat, = (1 (24)
where a = L(u +UA )

and
f(t):ﬁ[((ar)eﬁ +aly )L, +(U+UAL)T, | (25)

w T w

The numerical values for (o)
been given in Table 1.

On solving the differential equation, the temperature of
water in solar still is obtained as

W« (1), Uand UA  have
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St
= T[l - exp(—uAt)J +T, exp(—uAt) (26)

where T
w0

T, is temperature of basin water att =0 and f (t) is the ave-
rage value of f(t) for time interval O to ¢.

The rate of heat losses in the form of evaporation in the
solar still and hourly yield of the proposed model can be

evaluated as follows:

is temperature of basin water at + = 0 and

W
Jow =N (T, - T, )— 27
o =1 (T, = T) — 27)
hew (Tw - Tco) 2
Moy == % 3,600 kg/m°h (28)
where 1 is the evaporative loss coefficient and L is the

latent heat of vaporization of water.
Further, the hourly overall energy gain of the proposed
active solar still can be obtained as given below:

E
A 4= (29)

ovil — Jew?co &J
4

E

The daily overall energy gain of the system can be
obtained from the above expression as follows:

n n iEel
onvll = zqew*Aco + ? (30)

t=1 t=1 v

where 7 is the number of working hours of the system and
‘€, is the conversion power factor of coal-based power plant.
E, is taken as 0.38 for good quality coal-based power plant,
0therw1se it would be lower [28].

Later on, the hourly overall exergy gain of the proposed
active solar still can be obtained as given below:

T +273
ovll hewAm |:(’TuY - ’Tco ) - (’I-;I - 273)1 (T:) 273 ]:| + Eel (31)

Similarly, the daily overall exergy gain of the system
can be obtained from the above expression as follows:

zEel

(32)

ZExm“ Zhew c{( o~ T)=(T,~273)In G f?iﬂ

4. Methodology

The following methodology has been adopted for the
analysis of the proposed design

e Step 1: Climatic data’s such as solar radiation and ambi-
ent temperature on a horizontal surface for a typical day
in the month of March for New Delhi have been taken

from Indian Meteorological Department (IMD), Pune,
India. The solar radiation harnessed by PVT collector and
solar still has been calculated by using Liu and Jordan
[29]. The hourly variations of solar radiation and ambient
temperature have been shown in Fig. 3.

e Step 2: Corresponding to above climatic data and the
design parameters (as illustrated in Table 1), the outlet
fluid temperature of a collector, condensing cover tem-
perature and water mass of soar still have been computed
by using Egs. (10), (18) and (26) respectively.

e Step 3: With the help of above calculated parameters,
Egs. (12) and (16) have been used to obtain the rate of
useful thermal energy gain and electrical power output
respectively.

e Step 4: With the help of above calculated data, Eq. (28) has
been used to compute the hourly yield of the proposed
design.

e Step 5: Further, Eq. (29) and (30) have been used to eval-
uate the hourly and daily overall energy gain, while
Eq. (31) and (32) have been used to estimate the hourly
and daily overall exergy gain.

5. Results and discussion

Egs. (10), (18) and (26) have been computed to evalu-
ate the hourly variation of outlet fluid temperature (T, ) of
PVT-FPC, condensing cover (T_) and water mass tempera-
ture (T ) of PVT-FPC integrated active solar still having con-
ical shape condensing cover at inclination of 15° (as shown
in Fig. 2). The numerical computation has been done at a
mass flow rate of 0.01 kg/s and a water mass of 100 kg. The
results have been represented in Fig. 4 along with ambient
temperature for a typical day of March month taken from
IMD. It can be seen from the figure that the outlet fluid tem-
perature of collector and water mass temperature of still are
almost the same from 8:00 to 17:00 due to maximum thermal
energy input to the solar still through PVT-FPC at a lower
mass flow rate. It can also be seen that the temperature dif-
ference between the maximum value of water mass and the
corresponding condensing cover temperature is 12.8°C at
15:00 while the difference between the maximum value of
condensing cover and corresponding ambient temperature
is 13.4°C at 17:00.

Fig. 5 represents the hourly variation of the yield (Eq. (28))
of passive conventional solar still, active conventional solar
still integrated with PVT-FPC and PVT-FPC integrated
active solar still having conical condensing cover at different
inclination (i.e. O = 15°, 30°, 45°, and 60°). It can be observed
from the figure that the yield of PVI-FPC integrated active
solar still with conical condensing cover at an inclination of
0 = 60°, mass flow rate of 0.01 kg/s and basin water mass of
100 kg is highest throughout among all other configuration
due to more available condensing surface area. It can also
be seen from the graph that the peak value of yield of pro-
posed active solar still having conical condensing cover at an
inclination of 6 = 60° is 0.1993 and 0.0536 kg/m?h higher than
the corresponding value of passive conventional and active
conventional solar still.

Further, the effect of packing factor on the daily yield,
electrical energy output, overall energy and exergy gain
of PVT-FPC integrated active solar still having conical
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Fig. 3. Hourly variation of solar radiation on the conical solar still, conventional solar still and PVT collector.
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Fig. 4. Hourly variation of outlet fluid temperature, water mass temperature, condensing cover temperature and ambient

temperature.

condensing cover at © = 60°, mass flow rate of 0.01 kg/s and
basin water mass of 100 kg (i.e. 0.01 m depth) have been
shown in Figs. 6 and 7. From the figures, it is found that
the daily yield and overall energy gain of the proposed
design are increasing with the decrease in the packing fac-
tor of the module of PVI-FPC due to the increase in a non-
packing area which results in increasing the direct thermal
gain through the PVT-FPC. However, it can also be observed
from the graphs that the daily electrical energy output and
overall exergy gain is decreasing on the decrement of pack-
ing factor because of a decrease in the number of solar cells
of a module which results in lower electrical power output.
Hence, it is concluded from the figures that the lower pack-
ing factor B, = 0.25 of the proposed solar still has optimum

yield (9.7 kg/d) with a sufficient amount of electrical energy
(0.483 kWh/d) to make the system self-sustained.

Later on, the effect of basin water mass on the daily yield
and electrical energy output of the proposed active solar still
having conical condensing cover inclination of 0 = 60°, pack-
ing factor B, = 0.25 for different mass flow rate (i.e. 1, = 0.01
and 0.07 kg/s) have been illustrated in Fig. 8. It can be seen
from Fig. 8a that at small mass flow rate (i.e. 0.01 kg/s),
the yield of the proposed model increases with the increase
of the basin water mass. It is due to the reason for maxi-
mum thermal energy input at a lower mass flow rate and an
increase in thermal capacity on the increase of water mass.
From Fig. 8b it can be found that at higher mass flow rate
(i.e. 0.07 kg/s) yield decreases with the increase of basin
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water mass as per our expectation. It can also be seen from
this figure that the daily electrical output of the proposed
system is nearly the same due to the fact of the same number
of solar cells present in the module of PVT-FPC having fixed
packing factor (B_=0.25).

6. Conclusions and recommendation

On the basis of present studies, the following conclusions
have been drawn:

The yield of PVT-FPC integrated active solar still with
conical condensing cover at an inclination of 60° is opti-
mum with respect to other cases under the study.

From an energy and exergy point of view, the proposed
design of active solar still is most suitable.

At small mass flow rate, that is, n1, = 0.01 kg/s, the yield
increases from 7.4 to 9.7 kg h/m? with the increase
of water depth from 0.025 to 0.10 m (Fig. 8a).

Atahigher mass flow rate (>0.07 kg/s), the yield decreases
with the increase of water depth (Fig. 8b). This is in accor-
dance with the results reported by many researchers [9].
The proposed thermal model for PVT-FPC integrated

conical solar still should be validated by the experiment.
We are unable to validate the model due to financial
problems in our institute.

Symbols

A, — Area of basin of a solar still, m?

A, — Area of condensing cover of a solar still, m?
A, — Area of module of PVT-FPC, m?

Specific heat of fluid, J/kg K

Electrical power output, W or kWh/m?

Overall energy gain, W or kWh/m?

Overall exergy gain, W or kWh/m?

Collector efficiency factor

Penalty factor

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

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

Heat transfer coefficient from the top, W/m? K
Heat transfer coefficient from absorber plate to
fluid, W/m? K

Solar radiation/intensity, W/m?
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K, — Thermal conductivity of glass, W/m K

K — Thermal conductivity of insulation, W/m K

K, — Thermal conductivity of absorption plate, W/m K

Lg — Thickness of glass cover, m

L, — Thickness of insulation, m

L, — Thickness of absorption plate, m

m,, ~ — Hourly yield for proposed still, kg/h

mf — Mass flow rate of fluid, kg/s

PF, — Penalty factor due to glass covers of photovoltaic
module

PF, — Penalty factor due to absorption plate below pho-
tovoltaic module

Q, — The rate of useful heat gain, W or kWh/m?

4., — The rate of evaporative heat loss in the solar still,
W/m?

T — Ambient temperature, °C

T, — Temperature of basin liner of a solar still, °C

T — Solar cell temperature, °C

T, — Temperature of condensing cover of solar still, °C

T, —  Fluid inlet temperature at entry of PVT-FPC, °C

T, — Fluid outlet temperature at end of PVT-FPC, °C

T, — Temperature of water in solar still, °C

T, — Absorption plate temperature, °C

T, — Reference cell temperature for optimum cell effi-
ciency, that is, 25°C

U, — Overall heatloss coefficient from module to ambi-
ent, W/m?2 K

u, — Top heat loss coefficient, W/m? K

U, -— Overall heat loss coefficient from cell to ambient,
W/m? K

chp — Opverall heat loss coefficient from cell to plate, W/
m? K

U,, — Overall heat loss coefficient from plate to ambi-
ent, W/m?2 K

U, — Heat loss coefficient from water to ambient, W/
m? K

Vv — Air velocity, m/s

Greek letters

a — Absorptivity

§ — Packing factor

By — Temperature coefficient of efficiency

0 — Inclination of condensing cover in degree

p — Reflectivity

T — Transmittivity

n — Efficiency

(at); — Productofeffectiveabsorptivity and transmittivity

Subscripts

a — Ambient

c — Solar cell/collector

eff — Effective

f — Fluid

fi — Inlet fluid

fo — Outlet fluid

co — Condensing cover

cs — Conventional still

m — Module

ovll — Overall

— Plate
— Water
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