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ABSTRACT

This paper communicates the analytical equation development for double slope solar still coupled
with a number of alike parabolic concentrator integrated evacuated tubular collector (NPCETCDS)
which is also valid for evacuated tubular collector integrated double slope solar distiller unit
(NETCDS) as well as passive double slope solar distiller unit (PDS). The developed equation is simi-
lar to Hottel-Whillier-Bliss equation which was developed for flat plate collector. The analytical equa-
tion development for NPCETCDS involves the writing of equations for its different components on
the ground of equating net energy input to net energy output. The results obtained for the proposed
NPCETCDS have been compared with results of NETCDS and PDS. It has been concluded that the
average value of instantaneous efficiency for NPCETCDS is higher by 46.18% and 56.99%; and daily
exergy is higher by 81.17% and 92.25% than the corresponding values for NETCDS and PDS for the

same basin area in that order.

Keywords: Parabolic concentrator integrated evacuated tubular collector; Double slope solar still;

Analytical equation

1. Introduction

The analytical equation development for an active dou-
ble slope solar desalination unit can present one of the best
considerations for assuaging the shortage of fresh water in
the developing country as it is based on clean energy unlike
conventional desalination unit which requires electrical
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energy for its working. A number of theoretical and exper-
imental studies exist in literature. The experimental inves-
tigation of basin type active solar desalination system in
forced mode was presented for the first time by Rai and
Tiwari [1]. In their investigation, it was concluded that
the production of fresh water on daily basis for the basin
type active solar desalination system consisting of one flat

1944-3994/1944-3986 © 2020 Desalination Publications. All rights reserved.



S.K. Sharma et al. / Desalination and Water Treatment 187 (2020) 178-194 179

plate collector and working under dynamic mode was 24%
greater than the daily production of potable water for the
conventional solar desalination system. The higher output
was obtained in the case of active solar desalination system
due to the fact that additional heat using solar collector was
supplied to the basin of solar still which resulted in higher
rise in temperature of water in active system as compared
with conventional solar still. The active mode of operation
for solar desalination system involves the supply of heat to
the basin by some external means such as integrating some
type of collectors either directly or indirectly keeping heat
exchanger in the basin and connecting the heat exchanger
with the collector so that heat exchanger is in closed loop
with collector. The objective of allowing the operation of
solar desalination system in dynamic mode is to over-
come the shortcoming of low production of potable water
by conventional solar desalination system so that the solar
desalination system can be used on commercial level.

Dev and Tiwari [2] used experimental data of basin type
single slope passive solar desalination unit to bring about
linear and non linear characteristic equations. They con-
cluded that these equations can be used for selecting the
solar still before its manufacturing and installations. Dev et
al. [3] reported the development of characteristic equation
for basin type double slope solar desalination unit and con-
cluded that characteristic curves of non-linear types were
producing better results for performance analysis and ther-
mal testing. Singh et al. [4] and Singh and Tiwari [5] reported
the development of analytical characteristic equation for
solar desalination unit of basin type coupled with N alike
ETCs. This system was proposed because heat loss due to
convection does not take place in the case of ETC as vacuum
was present in between two glass surfaces. Due to less heat
loss as compared with other collectors where heat loss takes
place by convection as well as radiation, higher amount of
heat could be added to the basin of solar still in the system
reported by Singh et al. [4] and Singh and Tiwari [5] which
resulted in better performance of the system. Gupta et al.
[6] have reported the characteristic equation development
for single slope solar desalination unit coupled compound
parabolic concentrator collector having 100% coverage
with PVT. They covered receiver surface fully while keep-
ing the number of solar cells same to the number of solar
cells in partially covered PVT collector because of better
performance of fully covered PVT collector due to lower
top loss and lower maintenance. Dev and Tiwari [7] ana-
lyzed single slope solar still coupled with ETCs through
heater and concluded that the proposed system produced
48% higher yield as compared with conventional single
slope solar desalination unit because of heat addition to the
basin through heater. In the case of evacuated tubular col-
lector, the heat loss through convection does not take place
and hence higher amount of heat is added. In the system
reported by Dev and Tiwari [7], ETCs were not directly cou-
pled to the basin of solar still. ETCs were connected to solar
heater and hot water from solar heater was allowed to flow
to the basin. A detailed review of solar desalination unit
integrated with various collectors can be seen in the study
by Sathyamurthy et al. [8].

Singh et al. [9] performed thermal modeling of solar
desalination unit integrated with evacuated tubes and

evaluated the performance parameters under natural circu-
lation mode. They found the exergy efficiency of the pro-
posed system in the range of 0.15%-8%. They also found that
the integration of evacuated tubes resulted in higher tem-
perature of water in the basin and hence higher yield was
obtained. The higher temperature of water in the basin was
found due to the absence of convective heat loss as vacuum
was present in between two glass tubes. Sampathkumar et
al. [10] performed experimental study of evacuated tubes
integrated solar desalination unit and concluded that the
production of fresh water by proposed system was 129%
higher than the passive solar desalination unit of same basin
area due to addition of heat by collector to the basin. Further,
Kumar et al. [11] performed thermal modeling of evacuated
tubes coupled with single slope solar desalination unit under
forced mode of operation and revealed that the generation of
fresh water per hour was higher for the proposed system as
compared with similar system having same basin area and
working in natural mode because of increased temperature
of water kept in basin due to higher amount of heat addition
in the case of forced mode of operation. Mosleh et al. [12]
made experimental investigation of a desalination system
consisting of parabolic trough collector, evacuated tube and
heat pipe. They concluded that the rate of production was
0.27 kg/m? h when aluminum foils were used for transferring
heat to heat pipe from evacuated tube.

Shafii et al. [13] studied the modified solar desalination
system consisting of evacuated tubes and reported that the
highest production of desalinated water took place when the
tube was inclined at latitude of the place and the tube was
filled with 80% of brackish water because of higher normal
radiation received at this angle. Sharshir et al. [14] investi-
gated hybrid solar desalination unit based on the concept of
humidification and dehumidification and consisting of evac-
uated tubes. They reported the gain output ratio of proposed
system as 50%. Bait and Si-Ameur [15] investigated the
improvement in performance of conventional double slope
solar desalination unit by integrating the conventional dou-
ble slope solar desalination unit with tubular solar collector
taking potable water output as the basis. They reported that
the heat loss in tubular solar collector was less than the flat
plate collector because heat loss took place due to radiation
only in the case of evacuated tubes resulting in higher yield
and efficiency for the proposed system. Further, Bait [16] per-
formed the exergy and enviroeconomic analyses for the sys-
tem proposed by Bait and Si-Ameur [15]. Issa and Chang [17]
studied experimentally single slope solar desalination unit
coupled with evacuated tubes in series-parallel combination
and compared this active solar desalination unit with the
passive solar desalination unit for the same basin area. The
arrangement of tubes was in mixed mode, that is, some tubes
were connected in series and some in parallel. They reported
that the fresh water production for active solar desalination
unit was 61.11% higher than passive solar desalination unit
because of supplying heat by collector to the basin of active
solar desalination unit. Singh and Tiwari [18] made the theo-
retical study of basin type solar desalination unit by integrat-
ing with series connected N alike ETCs taking energy, exergy
and cost of distillate as basis under optimized condition. The
system reported by Singh and Tiwari [18] was different from
the system reported by Issa and Chang [17] in the sense that
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all collectors were connected in series in the case of system
reported by Singh and Tiwari [18]; whereas, collectors were
connected in mixed mode in the case of system reported by
Issa and Chang [17]. They concluded that the cost of pro-
ducing fresh water was lowered by 15.19% for double slope
active solar desalination unit than the single slope active
solar distiller having similar geometry due to higher fresh
water production in the case of double slope active solar dis-
tiller at 280 kg of water mass in basin. Singh and Al-Helal [19]
made theoretical analysis for double slope solar desalination
unit integrated with N alike evacuated tubular collectors on
the basis of energy metrics and concluded that the proposed
system presented the best performance taking life cycle con-
version efficiency as basis followed by double slope solar
desalination unit coupled with PVT flat plate collectors and
PVT compound parabolic concentrator collectors. They stud-
ied different active solar distillation systems under optimum
condition. Singh [20] reported the comparative study of sin-
gle slope active solar distiller on the basis of energy metrics.
They made the comparative study among conventional sin-
gle slope solar still; single slope solar still integrated with (a)
PVT flat plate collectors and (b) PVT compound parabolic
concentrator collectors. The single slope solar still integrated
with PVT flat plate collectors was found to perform better
on the basis of life cycle conversion efficiency due to higher
number of collectors under optimum condition. Further,
Singh [21] performed the exergoeconomic and enviroeco-
nomic analyses of ETC integrated double slope solar distiller
and concluded that double slope solar distiller included with
ETC performance better than double slope solar distiller
integrated with N alike photovoltaic thermal compound
parabolic concentrator collectors (PVTCPCs).

Elshamy and El-Said [22], performed comparative study
tubular solar still with semi-circular corrugated absorber
on the basis of thermal, exergetic and economic analyses
and concluded that the water cost of the tubular solar still
with semi-circular corrugated surface was 20.77% less than
tubular solar still with flat plate. It happened because rise in
temperature of water in the case of solar still with semi-cir-
cular corrugated surface was higher as compared with solar
still with flat plate. Kabeel and El-Said [23-25] reported
the experimental study and validation of hybrid solar dis-
tiller unit consisting of humidification and dehumidifica-
tion units and solar air-water heater and concluded that
the maximum daily output of fresh water per unit area was
18.25 L. It happened due to the fact that the increase in air
flow rate enhances mass and heat transfer coefficients inside
the humidifier, which further enhances the rate of vaporiza-
tion of water and, hence, the unit production of fresh water.
They have also compared different configurations. Kabeel
and El-Said [26-28] have presented the review of fresh water
production and strategies for its development.

—From the literature survey, it is found that the devel-
opment of analytical characteristic equation for double
slope solar distiller unit augmented with N identical para-
bolic concentrator integrated evacuated tubular collector
(NPCETCDS) has not been reported so far. So, the analytical
characteristic equation for NPCETCDS has been developed
which is also applicable for NETCDS reported by Singh and
Tiwari [5] and PDS. Recently Mishra et al. [29] have reported
the energy metrics analysis of N alike parabolic concentrator

coupled with evacuated tubular collectors (PCETCs) in
which N alike PCETCs were arranged in series and they were
kept in open loop. However, in the proposed NPCETCDS,
N alike PCETCs have been arranged in series and they have
been kept in closed loop as outlet of Nth PCETC goes into
basin and inlet of 1st PCETC takes fluid from basin through
pump. The values of instantaneous efficiency for NPCETCDS
have been computed using MATLAB and the result has been
compared with the result of NETCDS and PDS. The pro-
posed NPCETCDS is different from the desalination system
reported by Singh and Tiwari [18] in the sense that para-
bolic surface has been integrated with ETCs in the case of
NPCETCDS.

2. Explanation of NPCETCDS

The schematic diagram of NPCETCDS has been pre-
sented in Fig. 1 and its specification is represented by
Table 1. The elevated side view of the first PCETC is pre-
sented in Fig. 2. If collectors are arranged in parallel, dis-
charge is higher but temperature of fluid at the outlet of
collector is low. Contrary to this, if collectors are arranged in
series, discharge is low but temperature is high at the out-
let of the last collector. In the proposed solar desalination
unit, series arrangement has been considered as the prime
objective of coupling collector with basin; this is to enhance
temperature of water in the basin.

In series arrangement of collectors, the exit of each col-
lector is linked to the entry of its following collectors. Fluid
to entrance of 1st collector comes from basin through vari-
able discharge pump. Fluid gains heat from solar intensity
while flowing through tubes of collector and fluid which
is available at higher temperature at the exit of last collec-
tor goes to the basin again. Thus, a closed loop is formed.
Collectors are tilted at 30° (approximately equal to latitude of
place) with horizontal surface with an objective of receiving
highest annual solar energy.

The double slope solar desalination unit in this effort has
been made up of glass reinforced plastic with the basin area
of 2 m? The orientation of desalination unit is kept toward
east-west with an objective of receiving maximum annual
solar energy. The condensing cover surface is tilted by 15°
with the horizontal surface and the condensing surface is
made up of transparent glass. There are two holes — one at
the back wall which is used to supply saline/brackish water
to basin and the other hole at underside which may be used
for cleaning basin when required to do so. A provision of
iron stand is made for supporting the whole unit.

When solar radiation impinges on the outer surface of
condensing cover, first of all reflection takes place followed
by the absorption and transmission. The transmitted radia-
tion falls on the surface of water in the basin. Again, reflec-
tion occurs followed by absorption and transmission. Some
part of radiation is retained by water mass and the remaining
part of radiation goes to the blackened surface at the bottom
of basin where almost all radiation coming to the plane gets
absorbed. The temperature of basin liner increases which
in turn transfers heat to water in basin. In this way, water
gets heat from direct solar radiation as well as indirect heat
gain through basin liner and a number of collectors. It results
in increasing the temperature of water and a temperature
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Fig. 1. Schematic diagram of proposed N alike parabolic concentrator collected incorporated with double slope solar still
(NPCETCDS).

Table 1
Specifications of double slope solar distiller unit augmented with N identical parabolic concentrator integrated evacuated tubular
collectors (NPCETCDS)

Double slope active solar still

Component Specification Component Specification

Length 2m Cover material Glass

Width 1m Orientation East-west

Inclination of glass cover 15° Thickness of glass cover 0.004 m

Height of smaller side 0.2m KX 0.816 W/m-K

Material of body GRP Thickness of insulation 0.1m

Material of stand GI K 0.166 W/m-K
Parabolic concentrator integrated evacuated tubular collectors (PCETC)

Component Specification Component Specification

Type and no. of collectors PCETC, N a, 0.8

DC motor rating 12V,24 W F’ 0.986

Diameter of inner copper tube 0.0125m T, 0.95

Thickness of copper tube 0.0005 m K, (Wm™K™) 1.09

Outer radius of outer glass tube of 0.024 m Angle of PCETC Horizontal 30°

evacuated coaxial glass

Inner radius of inner glass tube of 0.0165 m Length of each copper Tube 2.0m

evacuated coaxial glass

Thickness of outer/inner Reflectivity 0.85

of evacuated coaxial glass 0.002 m Aperture area 0.82896 m*

Receiver area 0.27632 m*
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Fig. 2. Elevated view of parabolic concentrator integrated evacuated tubular collector.

difference is created between the surface of water in basin
and inner surface of condensing cover. Due to this tempera-
ture difference, evaporation of water occurs and vapor in
turn gets condensed at the inner surface of condensing cover
which trickles down and gets collected in the tray fixed to
the inner surface of lower wall. Fresh water from the tray is
collected in a jar through pipe.

3. Thermal modeling

The characteristic equation development for NPCETCDS
involves the thermal modeling for NPCETCDS. The thermal
modeling of the system is carried out by writing equations
for different components on the basis of balancing energy.
The various equations so obtained are then solved to get
the expression of unknown parameters in terms of known
parameters. Assumptions for writing energy balance equa-
tions for different components of NPCETCDS are as follows:

¢ The proposed NPCETCDS is in quasi steady state
condition.

¢ The variation in temperature across the thickness of insu-
lating and glass materials is negligible.

* Condensing covers, absorbing and insulating materials
have negligible small heat capacity.

¢ Heat flow has been considered as one dimensional.

* The seepage of vapor through joints in solar distiller unit
is negligible.

¢ The depth of water in solar distiller unit is kept constant.

¢ The formation of layers in water mass kept in the basin
does not take place.

® The condensation having film type characteristic takes
place at inside plane of condensing cover.

Equations for different components of NPCETCDS on
the ground of equating net energy input to net energy output
can be written as follows:

3.1. For N alike parabolic concentrator integrated evacuated tubu-
lar collector (PCETC) arranged in series

3.1.1. For receiver/absorber

When solar flux falls on the plane of parabolic concen-
trator integrated evacuated tubular collector, the beam radi-
ation gets reflected from the surface of concentrator and
impinges on the surface lying outside of outer glass tube of
coaxial evacuated tubes. Some parts get reflected from the
surface lying outside of outer glass tube of coaxial evacu-
ated tubes, some parts get absorbed by outer glass tube
and the rest is transmitted to the surface lying outside of
inner glass tube. The space between two coaxial glass tubes
is evacuated. Again, from the outer surface of inner glass
tube, some part of radiation gets reflected, some parts are
absorbed and the remaining parts of radiation are transmit-
ted to the blackened surface. The blackened surface which
acts as the receiver/absorber plate lies at the inside surface of
inner glass tube. This plate transfers heat to fluid that flows
inside the tube made up of copper. The heat is also lost to
the ambient through two glass surfaces. The temperature
of copper tube and fluid flowing through the copper tube
has been assumed same. Hence, following Mishra et al. [29],
equation for blackened surface (receiver) of 1st PCETC of N
alike PCETCs in closed loop on the basis of balancing the
energy can be expressed as:

at’pl,A, = Fh (T, ~T,)A, +U,,(T,-T,)A, )
where
R R K
RUIH[RIZJ Ruzln[lzoz]
u,, - a1y s, L @)
s K, C., K, h)
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and
h, =57+38V )
Here h , U, and & stand for HTC from plate to fluid,

overall HTP from plate to environment through two glass
surfaces and total HTC from surface of outer glass tube
lying outside respectively. The term on left hand side (LHS)
of Eq. (1) corresponds to heat per unit time available on
the blackened surface. The second term on right hand side
(RHS) of Eq. (1) corresponds to the amount of heat trans-
ferred from blackened surface to fluid per unit time. 2nd
term on RHS of Eq. (1) corresponds to heat lost to the envi-
ronment through two surfaces of glass. Here A =2nR L and
R, is the inner radius of outer glass tube.

3.1.2. For fluid passing through copper tubes of PCETC

The fluid flowing through copper tube receives heat from
the blackened surface and the fluid carries the heat away with
it. Hence, equation based on balancing the incoming heat to
outgoing heat for fluid flowing through copper tubes of N
alike PCETCs in closed loop can be written as [20]

<, ~T,)2nrdx (@)

de '
C,—Ldx=Fh, (T,
where r represents the radius of copper tube and dx rep-
resents length of element along the length of tube. LHS of
Eq. (4) corresponds to the amount of heat per unit time car-
ried away by the fluid flowing through copper tubes. RHS of
Eq. (4) corresponds to heat received by fluid from blackened
surface. F’ corresponds to collector efficiency factor.

From Eq. (1), T, can be expressed as

A
arzplb A” + Fh T +UT,

T = T (5)
! hPf + lltpa

Subtracting T, from both sides in Eq. (3) and rearranging,
one can get

, A
Fih, (T, —Tf):PFlowszh(t)X“—UL(Tf -T,) (6)
where
F'h

PFl = ,7]:“ (7)

F hPf + lltpa

and
FU _h

uL =— tpa'pf (8)

Fhy+U,,

From Egs. (4) and (6) one can get

r

dT,
1 C =2nr| PRot pr(t)
dx

-u, (1, - T[,)} ©

On solving differential equation (Eq. (9)) under boundary
conditions:

e whenx=0, Tf T, and
e whenx=1L, Tf T,

one can get the expression of temperature at the outlet of
first PCETC (T ,) as:

PF, (at) (AF.) (t)+(ArFy)UL KT
a K™ fi

= E I (10)
fol . b .
11,Cy 11,Cy
where
A

(o), =porc’ [A] (an

m,C
(AF)=—1"1|1-ex —M (12)

ror p
u, i Co
and

K, = AR (13)

1,Cy

Here, one should note that T, = T, as inlet of 1st PCETC
takes fluid from basin of the proposed solar distiller through
pump inserted between basin and inlet of 1st PCETC.

Using Eq. (10), temperatures at the outlet of second
PCETC can be written as

_ PFI(M)QH(AVFV)I (t)+ (4F)U

fo2 — . b A
1,Cy 1, Cy

LT + K, T,

K™ fi2

(14)

The output of first PCETC will be input to the second

PCETC, that is. T, = T, and hence temperature at the outlet

of second PCETC (T, ,) using Eq. (14) can be expressed as

L PR (AR, (AR,

fo2 — . b .
1, Cy 1, Cy

T + KT,

fol

(15)

Substituting T, , from Eq. (10) into Eq. (15) and rearrang-
ing, one can obtain

PFl(aT)eff(AVFV) (1*1(,2()1 (t)+ (ArFr uL ( KZ)T + KT
b C (l*K ) K 6

(16)

Using Eq. (10), the expression for temperature at the
outlet of third PCETC can be written as

PE AF
T,, = 1 (07) ”)117(t)+(A'F’)u T + KT, (17)

fo3 . .
i, C 1, Cy
Again, output of second PCETC will be input to third
PCETC, that is, T, ,= T,, and hence temperature at the outlet
of third PCETC (T, ;) usmg Eq. (17) can be written as
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T . = PFl (at)eff (A’FV)

fo3

Ib (t) + (ArFr)UL Ta + Kkaoz
= f

18
r'nfo m (18

Substituting T, , from Eq. (16) into Eq. (18) and rearrang-
ing, one can obtain the expression for T, , as

PE (‘”)eff(AvFr) (1_K'3<)Ib(t)+ (A',E)UL (1_K?<)

T, - T +KT,
i, Cp (1-Ky)

fo3 K1

(19)

Proceeding in the similar fashion, one can obtain the
expression for the temperature at the exit of Nth PCETC and
it can be expressed as

(AVFV)UL (17K’I<V)

P (o), (AE) (1K),
i, C, (1-K,)

TR e

T, + KT,

(20)

where N is the number of parabolic concentrator integrated
evacuated tubular collector.

The amount of heat gained per unit time from N alike
PC-ETCs can be written as
Qun = mfcf(TfoN _Tﬁ) (21)

Putting the expression of T, from Eq. (20) into Eq. (21)
and rearranging, one can get

O =(PF1)(ou:)e“(1__k)lb(t)—(AyFy)uL(_I:(k)(Tﬁ -T) (22)

3.2. For solar distiller unit

3.2.1. For outer plane of condensing cover oriented
towards east

When solar flux falls on the outer plane of condensing
cover oriented towards east, some part of the incoming solar
flux gets reflected from outer plane of condensing cover
oriented towards east, some part gets absorbed by the con-
densing surface oriented towards east and the remaining
part is transmitted to the inside plane of condensing surface
oriented towards east. At the same time, heat per unit time
is conducted from inside plane to the outside plane of the
condensing cover facing east. Hence, equation based on bal-
ancing the energy per unit time for outer plane of condensing
cover oriented towards east can be expressed as

K
fg(TgiE - TgoE ) AgE = hlgE (TgoE -T, ) AgE (23)

8

where k. is total HTC from outside plane of condensing
cover facing east to ambient. The term on LHS of Eq. (23)
corresponds to the amount of heat conducted per unit time
from inside plane to the outside plane of the condensing
cover oriented towards east. This term has been written using

Fourier’s law. The term on RHS of Eq. (23) corresponds to
the amount of heat per unit time lost to the ambient through
convection and radiation. This term is based on Newton’s law
of cooling.

3.2.2. For inside plane of condensing cover oriented
toward east

The inside plane of condensing cover oriented toward east
receives heat from solar flux transmitted from outer plane to
the inside plane. The inside plane of condensing shroud also
collects heat per unit time from top plane of water through
convective, radiative and evaporative heat transfer modes. At
the same time, heat is lost per unit time from inside plane to
the outside of the condensing cover. It also looses heat per
unit time through radiation to the inside plane of condens-
ing cover oriented towards west. Hence, equation for inside
plane of condensing drape oriented toward east on the basis
of balancing energy per unit time can be expressed as

’ A d
agISE (t)AgE + hle (Tw - TgiE) 21 - ha (TgiE - TgiW)AgE =
K,
T(TgiE - TgoE ) AgE (24)
2
where h,__ represents total HTC from outermost plane of

water mass kept in basin to inside plane of condensing cover
oriented towards east, i, stands for HTC from inside plane
of glass cover facing east to the inside plane of glass cover
facing west and o, stands for the amount of heat absorbed
by glass cover.

First term of LHS in Eq. (24) corresponds to heat absorbed
per unit time by the condensing cover. The 2nd term on LHS
of Eq. (24) corresponds to the amount of heat received by
inside plane of condensing cover per unit time from the sur-
face of water through convective, radiative and evaporative
heat transfer modes. The third term on LHS of Eq. (24) cor-
responds to the amount of heat lost from the inside plane of
glass cover oriented towards east to the inside plane of glass
cover oriented towards west. The term on RHS of Eq. (24)
corresponds to the amount of heat lost per unit time through
conduction from inside plane of glass cover facing east to the
outside plane of the condensing cover.

3.2.3. For outer plane condensing cover oriented towards west

When solar flux falls on the outer plane of condensing
cover oriented towards west, some parts of the incoming
solar flux gets reflected from outer plane of condensing cover
oriented towards west, some parts get absorbed by the con-
densing surface oriented towards west and the remaining
part is transmitted to the inside plane of condensing surface
oriented towards west. At the same time, heat per unit time
is conducted from inside plane to the outside plane of the
condensing cover facing west. Hence, equation based on bal-
ancing the energy per unit time for outer plane of condensing
cover oriented towards west can be expressed as

K
?g(TgiW - TguW ) AgW = hlgW (TgOW - Ta ) AgW (25)
8
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where h, . stands for total HTC from outside plane of
condensing cover oriented towards west to ambient.

The term on LHS of Eq. (24) corresponds to the amount
of heat conducted per unit time from inside plane to the
outside plane of the condensing cover oriented towards
west. This term has been written using Fourier’s law. The
term on RHS of Eq. (24) corresponds to the amount of
heat per unit time lost to the ambient through convective
and radiative heat transfer modes. This term is based on
Newton’s law of cooling.

3.2.4. For inside plane of condensing cover oriented
toward west

The inside plane of condensing cover oriented toward
west receives heat from solar flux transmitted from outer
plane to the inside plane. The inside plane of condens-
ing shroud also gains heat per unit time from top plane of
water in basin through convective, radiative and evapora-
tive modes of heat transfer. It also receives heat per unit time
through radiative mode of heat transfer from inside plane of
condensing cover oriented towards east. At the same time,
heat per unit time is lost from inside plane to the outside
plane of condensing cover oriented towards west. Hence,
equation for inside plane of condensing cover oriented
toward west on the basis of balancing energy per unit time
can be expressed as

(t) AgW + 1y (Tw - Tgiw) 4 + gy (TgiE - TgiW ) AgE =

(x;I S 5

=

~ ‘MN

(T = Tyow ) Ao (26)

8

where h, is total HTC from water surface to inside plane of
glass cover facing west.

First term of LHS in Eq. (25) corresponds to the heat
absorbed per unit time by the condensing cover oriented
towards west. The second term on LHS of Eq. (25) corre-
sponds to the amount of heat received by inside plane of
condensing cover per unit time from the surface of water
through convective, radiative and evaporative modes of heat
transfer. The third term on LHS of Eq. (25) corresponds to the
amount of heat gained from the inside plane of glass cover
facing east to the inside plane of glass cover facing west. The
term on RHS of Eq. (25) corresponds to the amount of heat
lost per unit time through conduction from inside plane of
glass cover facing west to the outside plane of the condensing
cover.

3.2.5. For basin liner

The solar radiation reaches the surface of the basin liner
after transmission from water mass kept in basin. Here,
almost entire radiation flux falling on the surface of basin
liner gets absorbed as the basin liner acts as black body.
Temperature of basin liner rises and it becomes higher than
the temperature of water in basin. Now, basin liner trans-
fers heat to water in basin through convective and radiative
heat transfer modes. Heat is also lost by basin liner to the
environment through conduction followed by radiation and

convection. Hence, equation for basin liner based on balanc-
ing energy can be written as

) A
oy (Ige (£) + I (t))j’ =h (T,-T,) A, +h,(T,-T,)A, (27)
where

L 1 |
h,, = L(i + T } (28)

and i, =100 W/m?

Here o', h,, and h, correspond to the absorptivity of
bottom blackened surface of basin, HTC from basin liner to
water kept in basin and HTC from basin liner to atmosphere
in that order. The term on LHS of Eq. (16) corresponds to
total solar flux engrossed by bottom blackened surface
of basin. 1st term on RHS of Eq. (16) corresponds to heat
transferred per unit time from bottom blackened surface of
basin to water kept in basin. 2nd term on RHS of Eq. (16)
corresponds to heat lost per unit time by the basin liner to
ambient through conductive heat transfer mode followed by
convective and radiative heat transfer modes.

3.2.6. For water mass kept in basin

When solar flux strikes the surface of water mass kept in
basin after getting transmitted from glass cover, some part
of incoming solar flux gets reflected from water, some parts
get engrossed by water and the rest impinging solar flux
on the surface of water gets transmitted from glass cover
facing both east as well as west to basin liner. Water kept
in basin also collects heat from basin liner through convec-
tive and radiative heat transfer modes. At the same time,
heat from water mass is lost per unit time to inside planes of
glass covers facing both east as well as west through convec-
tive, radiative and evaporative heat transfer modes. Hence,
equation for water mass based on balancing energy can be
expressed as

aT A
(chw) dtw = (ISE (t) + ISW (t))(x’:u 7[7 + hbw (’I;) - Tw)AIJ -
A A -
h1wE (Tw - Tgi )717 - hlwW (T;u - TgiW) 217 + QuN (29)

where Q . stands for the quantity of heat gained per unit
time from series connected N alike PCETCs. Its value can be
computed from Eq. (20). The term on LHS of Eq. (28) corre-
sponds to amount of heat per unit time stored in water mass
in basin. 1st term on RHS of Eq. (28) corresponds to heat
absorbed by water from solar flux coming from both east as
well as west glass covers. 2nd term on RHS corresponds to
heat transferred per unit time to water mass by bottom black-
ened surface. 3rd term on RHS of Eq. (28) corresponds to heat
energy given by water to inside plane of condensing surface
facing east and 4th term on RHS of Eq. (28) corresponds to
heat lost by water to inside plane of glass cover facing west.
Eq. (13) can be rearranged as

K
Lg (TgiE - T;;OE ) AgE =U, (TgiE -T, ) AgE
s

(30)
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where

Up =2 @)

Using Egs. (23) and (29), one can get

a;ISE (t) AgE + (Tw - Tgi )% —hey (TgiE - TgiW ) AgE = (32)
Upg (TgiE - Ta)AgE

Similarly, using Eqs. (24) and (25), one can get

OL:«glsw (t)AgW + hlwW (Tw - TgiW )% + hEW (TgiE - TgiW)AgW =

ch (Tgiw - Ta)AgW (33)
where
Kx
?hlgw
U, =—3% 34
W Kg h ( )
Tt ihgw
Lg 8
From Eq. (32) one can get T, as
' Ah
(x'gISWAgW + hlwWTw 7 + hEWTgiEAgW + uchaAgw
W (35)

A
By =2+ howAgy + Uy Agwy

TwW 2

Multiplying both sides by (-1) and adding T, on both
sides and rearranging, one can get

A ’
hmw 7h<ng£ - Tw ) + uchgw (Tgi - Ta) - a’gISWAgW
giE  giw A (36)
hlwW 7h + hEWAgW + UCWAgW

Substituting (T T ) in Eq. (31) and rearranging, one
g giE giw. q g g
can get
' ' ha
((ngSE + UcETn)AgE + (agISW + Ucha)?Agw +
2
A h A
T - Tw [h]wE Tb + UL‘:I/H wW ij (37)
gt A, h A h
hle 717 + UL‘:hlwW 717 + chAgW UL:, + UCEAgE
where
A,
U, =y By + hEWAgW + uchgw (38)

Eq. (36) can further be rearranged as

A h A
RluzA et RZhEWA w T Tw hle . Jrﬂhmw -
8 ¢ 2 U, 2
Tye = A o (39)
b EW* "gW
uz [hle 7 + hEWAgE + UCEAgEJ - TgE
where
R, = a’gISE +U,T, (40)
R =dI,+U,T 41
2 g SW Woa

After simplifying Eq. (38), one can obtain the expression
for T as

— Al + AZTw

giE P (42)
A= R1u2AgE + RZhEWAgW (43)
A h A
A, =hy 7‘7 + uivzvhmw 7‘7 (44)
A,
u=nh,, 7 + haAgE +U, AgE (45)
W A
P=UU, - LA Ll (46)

gE

Substituting TgiE from Eq. (41) in Eq. (34) and rearranging
one can obtain the expression of T, as

, A h A A ho A A
(("glsw + uchn)Agw +[h1ww2h+ = ;W ’ JTW + Pgw :
Tow =
¥ UZAgE
(47)
Eq. (46) can further be rearranged as
Ab
(Rzp + hEWAl)AgW + PhlwW 2 + hEWAgWAZ Tw
T.w= 48
giWw uszgE ( )
Again rearranging Eq. (47), T, can be expressed as
B, +B,T,
W — 1 P 2w (49)
B - (RyP + Iy A ) Ay (50)
uZAgE
A
Ph1ww 7b + hEWAgWAZ
B, = (51)
u,A

27 "gE
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Eq. (26) can be expressed as

A
2h,, (T, - Tu,)?h = oA, (I (£) + I (£)) - U, A, (T, - T,) (52)

where
h
By = ——e (53)
2 (hbw+hba )
and
, = h bahbw (5 4)
hba + hbw

Putting values of T . from Eq. (41), Tow from Eq. (48)
and (T-T,) from Eq. (gSl) into Eq. (28) and rearranging,
one can get

1-KN A
dT, (ArFr)uI. ((1_K];)) +uhAb +(hle +h1wE)7b7
vt hleAz Ah hlwaz ﬂ
P )2 P )2
((12”’4- hla;jAb (I (£) + Iy (1)) + U, AT, +
1-KY
T, = (e * s B1) Ay +(PF,)(ax) -k )Ib -
P 2 “f (1-K,) (55)
(1-K)
(AF)U, (1-K )Tu
k J
Eq. (55) can further be rearranged as T
dT
cTtW +aT, = f(t) (56)
where

4,

U A, + (R + )2 -

(1
(AF)U >

(1-K)
1 (1-K)
_Mwa [ 1wE 2) b (hmw 2] (57)

[O‘ZM hloc’hJAb (Ig () + I (1)) + UL AT, +

)= | LB e o, ),

(1 —KV )
(B Gy T

(58)

Multiplying both sides of Eq. (56) by ¢ and integrat-
ing under the assumptions given in the study by Singh and

Tiwari [30] and taking initial boundary conditionas T =T,
at t = 0, one can obtain the expression for T as

T, = @(1 —e )+ T e (59)

w
a

Here f(t) represents the average value of f(t) between
time interval 0 and .
The rate of evaporative heat transfer can be written as

. A,
qew |:hewE (T TglE ) hewW (T Tng )j| [2] (60)
where
3 Pw B PviE
hoe =16273 x107°h, | == | (Cooper [31]) (61)
Tw - TgiE
3 Pw - PiW
howy =16.273x107 R, | === | (Cooper [31]) (62)
Tw - TgiW

1
P —P )T, +273)
b _0.884[(Tw—TgiE)+( o B (T, + 1 (Dunkle [32])

268.9x10° -
(63)
(r. -2, )1 +273)
P,-P,.)(T,+273) [
h..=0884|(T -T, )+ " ® Dunkle [32
cwW [( w g1W) 268.9X103—PW ] ( un e[ ])
(64)
P =exp|25.317 - Sl4d (65)
T, +273
5144
P =exp| 25317 - —— 66
Bt Xp{ Tgm+273} (66)
5144
P =exp|25.317 - ——— 67
g Xp{ Tgiw+273} ©7

The hourly production of fresh water can be evaluated as

(68)

ew

i =ew 3600
LV

The instantaneous thermal efficiency (1)) for NPCETCDS
can be written as

NALL (t)+ A IILW( )+ Ao ()

gE" SE gW ' SW

(heWE(T T )+ (T, Tglw))(ghj

NAL (t)+ Al (8)+ Ay lg (1)

gE" SE gWSW

n, =
(69)
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Substituting the value of T from Eq. (41), T, from
Eq. (48) and T from Eq. (58) in Eq (33), one can get
{Mee (P = A,) + 1ty (P =B, )}
{f(t)@ —e )+ Twoe”'} —{hy A + 1B}
n. = [A"j i (70)
©la2p [NA,L () + Ayl (1) + Age Loy ()]

Putting values of P from Eq. (45), A, from Eq. (42),
A, from Eq. (43), B, from Eq. (49) and B, from Eq. (50) in
Eq. (69) and rearranging, one can get

_ AE’ !
T]i_ NA [ )+AgElsE( )+AgWISW( )}

hewh (E,+E,)+h,(E +E)
H, +H),

(K, +% Top () + (Ko + 0t ) T () + (1)

1 Ky ](PF)I (), 1, (1) (1=e");-

+K{w SE( )}e +T,~ (H1,1 +H;2)eim

{ IESE

Expressions for various unknown terms used in Eq. (71)
are given in Appendix-A.
Eq. (71) can further be rearranged as

Xllyll {KiEISE ( )+ K;WISW ( )} eal

+(H§1 +H;2)

- (NALL (£) + Al (£)+ Ay Ty (1)} 72)
’ (T~ T.)

{NAﬂIb( )+A el (t )+AgWISW( )}

Expressions for various unknown terms used in Eq. (73)
are given in appendix-A.
In Eq. (72)

e IfA=A;p=1and[(t) = I(t), then characteristic equa-
tion for N alike ETCs integrated with double slope solar
distillation system will be obtained.

e If N =0, then characteristic equation for double slope
passive solar distillation system will be obtained

Values of hourly thermal exergy for NPCETCDS,
NETCDS and double slope passive solar distiller unit can be
computed as follows:

Ex= [hewEi [(T TglE) (T, +273)In {“f;HJr

glE

[hEWwA (T, ~ T ) (T, +273)1“{TTW+227733H 73)

giw

Values of b, ., h .., T, T1 and T, can be computed
using Egs. (61), (62), (59), (42) and (49% respectively. Then,
the value of hourly exergy for NPCETCDS can be computed
with the help of Eq. (73). The value of daily exergy for the
proposed system can be computed by adding hourly exergy
output for 24 h. Similarly, value of daily exergy for NETCDS

can be computed.

4. Methodology

The computation of yield and instantaneous efficiency
for NPCETCDS using the computational program written in
MATLAB can be expressed as follows:

Step I

The data of solar intensity on plane in horizontal position
and atmospheric temperature have been taken from IMD
Pune, India. The expression given by Liu and Jordan for-
mula [33] has been used to evaluate value of intensity on the
inclined surface. It was done by writing programming codes
in MATLAB.

Step 11

Values of T, , T, T s and T w have been evaluated with
the help of Egs. (19), (58) (41) and (46), respectively.

Step II1

Values of different HTCs have been evaluated from Egs.
(60)-(63) and expressions presented in appendix-A followed
by computation of amount of hourly production of fresh
water using Eq. (67).

Step IV

The value of instantaneous efficiency has been computed
using Eq. (71) and then characteristic curves shown in Fig. 6
have been drawn.

Step V

The values of hourly exergy output for NPCETCDS,
NETCDS double slope passive solar distiller unit has been
computed using Eq. (72).

For better understanding of methodology, flow chart
about methodology for the computation of instantaneous
efficiency and exergy has been drawn as follows:

5. Results and discussion

The value of instantaneous efficiency can be computed
for an archetypal day in May. Values of global radiation
on the horizontal surface, direct radiation on the horizon-
tal surface and atmospheric temperature have been taken
from Indian Meteorological Department, Pune, India and
their variations are presented by Fig. 3. Mean velocity of air
for May is 4.02 m/s. Global radiation and direct radiation
for the plane tilted at 30 north latitude has been computed
considering the expression reported by Liu and Jordan
formula [33]. A computational program in MATLAB has
been used for the same. The computation of instantaneous
efficiency has been done for eight PCETCs, flow of fluid
mass per unit time (117) =0.012 kg/s and water depth=0.14 m.

The variation of various temperatures has been shown
in Fig. 4. From this figure, it is seen that the value of T, , is
higher than the value of T because water from the outlet of
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The data of solar intensity on plane in horizontal position and atmospheric temperature have

been taken from IMD Pune, India.

I

The expression given by Liu and Jordan has been used to evaluate value of intensity on the

inclined surface. It was done by writing programming codes in MATLAB.

Values of Tgon,Tw, Tgig and T gy have been evaluated with the help of equations (20), (59),

(42) and (49) respectively.

J

Values of different HTCs have been evaluated from equations (61) - (64) and expressions

presented in Appendix-A.

I}

The amount of hourly production of fresh water has been evaluated using equation (68).

U

The value of instantancous efficiency has been computed using equation (72) and then

characteristic curves shown in Fig. 6 has been drawn.

J

The values of hourly exergy output for NPCETCDS, NETCDS double slope passive solar

distiller unit has been computed using equation (73).

!
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Fig. 3. Hourly solar flux on the surface in horizontal position and
surrounding atmospheric temperature for an archetypal day of
May.
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Fig. 4. Variation of different temperatures for NPCETCDS for an
archetypal day of May (N =8).

Nth collectors flows to the basin where it get mixed with the
water kept in basin which is at comparatively lower tempera-
ture. Further, the temperature of condensing cover made up
of glass is less than the temperature of water mass in basin
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Fig. 5. Variation of different HTCs of NPCETCDS for an arche-
typal day of May (N = 8).
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Fig. 6. Hourly generation of fresh water from NPCETCDS for an
archetypal day of May (N = 8).

because condensing cover remains in touch with atmospheric
and heat energy is being lost to surrounding atmospheric
through convective and radiative heat transfer modes. A
temperature difference is created between water surface and
inner surface of glass cover and this temperature difference is
responsible for evaporation of water. This evaporated water
is converted into fresh water by rejecting its latent heat at the
inside plane of glass cover and moves down under gravity to
the channel fixed at the lower side of solar distiller.

Fig. 5 represents the variation of different HTCs for
NPCETCDS for a typical day in the month of May. It is
observed from Fig. 5 that the value of evaporative HTC is
highest between 5 pm and 6 pm. It happens because evapora-
tive HTC is inversely proportional to the difference in values
of T and T  and the difference of values of T and T ,is mini-
mum at that time. Further, radiative and convective IEITCs are
very small and they are responsible for losses as they do not
contribute to the generation of fresh water. The evaporative
HTC is responsible for the generation of fresh water.

Fig. 6 represents variation of hourly generation of fresh
water for NPCETCDS, NETCDS and PDS for an archetypal
day in May month. Values of mass flow rate and N have been
taken as 0.012 kg/s and 8, respectively. It is observed from
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Fig. 6 that the production of fresh water from NPCETCDS
is highest followed NETCDS and PDS for the same basin
area, same values of N, water depth and 1. The generation of
fresh water from NPCETCDS is higher than the correspond-
ing values for NETCDS because the rate of heat addition by
NPCETCs is higher than the rate of heat addition by NETCs
for the same value of N, 1, depth of water and basin area. It
further happens because of the integration of parabolic sur-
face in the case of NPCETCs. The generation of fresh water
from PDS is lowest because no collector is present in this case
which results in comparatively low increase in water tem-
perature. Due to the absence of collector in PDS, the differ-
ence in temperatures of water and inside plane of glass cover
is comparatively lowest and hence lowest output. Also, the
yield is maximum at 3 pm for all three systems because it
is related to the multiplication of evaporative HTC and dif-
ference in temperature of water surface and inner surface
of condensing cover. Similarly, value of thermal exergy for
NPCETCDS is highest followed by NETCDS and PDS as
shown in Fig. 7.

Fig. 8 represents the variation of daily yield as well as
daily exergy for NPCETCDS, PETCDS and PDS for same
basin area, same values of water depth, N and 1. The gener-
ation of fresh water as well as thermal exergy has been found
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Fig. 7. Variation of hourly thermal exergy of N-PC-ETC-DS and
NETCDS for an archetypal day in the month of May (N = 8).
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Fig. 8. Variation of daily yield and daily thermal exergy of
NPCETCDS, NETCDS and PDS for a typical day in the month
of May (N = 8).
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to be highest for NPCETCDS followed by NETCDS and PDS.
The value of daily generation of fresh water is higher by
42.32% and 75.76% for NPCETCDS than NETCDS and PDS
in that order. It happens because the amount of heat addition
by NPCETCs is higher in the case of NPCETCDS because of
the presence of parabolic surface in the case of NPCETCDS;
whereas, no collector is present in the case of PDS. The value
of daily exergy for NPCETCDS has been found to be higher
by 81.17% and 92.25% than NETCDS and PDS, respectively,
at the same number of collectors, same water depth and same
amount of mass flowing per unit time. It happened due to
similar variation in hourly thermal exergy as daily thermal
exergy is the addition of hourly thermal exergy for 24 h.

Fig. 9 represents the characteristic curves for NPCETCDS,
NETCDS and PDS for an archetypal day of May month.
The average value of efficiency for NPCETCDS is higher by
46.18% and 56.99%, respectively. The value of instantaneous
efficiency of NPCETCDS is higher than the corresponding
value for NETCDS because the amount of heat added by
NPCETCs to the basin is higher than the amount of heatadded
by NETCs. It has been found to occur due to the presence of
parabolic surface in the case of NPCETCs which reflects the
beam radiation to the receiver area and hence higher amount
of heat addition to basin in the case of NPCETCDS as com-
pared with NETCDS. In the case of PDS, no collectors are
present and hence value of instantaneous efficiency is lowest
due to the similar variation in the generation of fresh water.
It is also observed that values of instantaneous efficiency are
highest in the evening for all the three systems because input
becomes very low whereas output continues to be generated
at reasonable rate because of the presence of sensible heat in
water mass.

Fig. 10 represents effect of reflectivity on hourly varia-
tion of instantaneous efficiency for NPCETCDS for an arche-
typal day of May at selected number of PCETCs and amount
of heat flow per unit time and keeping concentration ratio
constant. It is observed from Fig. 10 that the value of instan-
taneous efficiency increases as the reflectivity is increased.
It happens because larger portion of beam radiation will be
directed to the surface of receiver and hence greater amount
of heat energy per unit time is added to the basin. Fig. 11
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Fig. 9. Hourly variation of instantaneous efficiency of
NPCETCDS, NETCDS and PDS for a typical day in the month
of May (N = 8).
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Fig. 10. Effect of reflectivity on hourly variation of instantaneous
efficiency of NPCETCDS for a typical day in the month of May
(N=8).
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Fig. 11. Effect of concentration ratio on hourly variation of instan-
taneous efficiency for NPCETCDS for a typical day in the month
of May (N =8).
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Fig. 12. Effect of concentration ratio on daily thermal exergy and
daily yield for NPCETCDS for a typical day in the month of May
(N=8).

represents effect of concentration ratio on hourly variation
of instantaneous efficiency for NPCETCDS for an arche-
typal day of May at selected number of PCETCs, amount of
mass flow per unit time and keeping reflectivity constant.
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Fig. 13. Effect of reflectivity on daily thermal exergy and daily
yield for NPCETCDS for a typical day in the month of May (N =8).

It is observed from Fig. 11 that the value of instantaneous
efficiency increases with the increase in concentration ratio.
It happens because increased value of concentration ratio
results in increased solar beam flux to be directed on the
receiver surface. So, higher amount of heat is added to basin
which results in increase in values in instantaneous efficiency.
Fig. 12 represents the effect of variation of concentra-
tion ratio on daily exergy output and daily generation of
fresh water for NPCTCDS for an archetypal day of May at
selected number of collectors and the amount of mass flow-
ing per unit time. It has been observed from Fig. 12 that the
values of daily exergy and daily generation of fresh water for
NPCETCDS increase with the increase in the value of con-
centration ratio at given value of reflectivity of concentrating
surface. It happens because increase in the value of concen-
tration ratio at given value of reflectivity means addition of
more heat to basin as larger solar beam flux will be directed
to receiver surface. Fig. 13 represents the effect of reflectiv-
ity on daily thermal exergy and daily yield for NPCETCDS
for an archetypal day of May at given concentration ratio,
selected number of NPCETCs and amount of fluid flowing
through the copper tube per unit time. Increase in reflectiv-
ity means higher radiation is directed to the receiver surface
and hence higher heat addition to basin which results in
increase in values of thermal exergy as well as yield.

6. Conclusions

The analysis has been done for NPCETCDS and results
of the proposed system have been compared with results of
NETCDS and PDS. From the present research study, the fol-
lowing conclusions have been drawn:

* The characteristic equation for NPCETCDS has been
developed considering the energy balance equation for
the proposed system which is similar to Hottel-Whillier-
Bliss equation for the flat plate collector. The developed
equation is also valid for NPCETCDS and PDS.

* The average value of instantaneous efficiency for
NPCETCDS is higher by 46.18% and 56.99% than NETCDS
and PDS in that order.

* The value of daily generation of fresh water is higher by
42.32% and 75.76%; the daily thermal exergy is higher by
81.17% and 92.25% for NPCETCDS than NETCDS and
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PDS, respectively, at selected number of collectors and
amount of mass flowing per second.

® Values of instantaneous efficiency, hourly generation of
fresh water and hourly exergy output for the proposed
NPCETCDS have been found to increase with the increase
in the value of concentration ratio for given reflectivity of
concentrating surface.

* Values of instantaneous efficiency, hourly generation
of fresh water and hourly exergy output for the pro-
posed NPCETCDS have been found to increase with the
increase in the value of reflectivity for the given concen-
tration ratio.

Recommendation

The development of characteristic equation for NPCET-
CDS has been done and values of instantaneous efficiency
and hourly yield have been computed. However, the exper-
imental validation has not been done. So, experimental
validation of the proposed system should be done before
installing on commercial scale.

Symbols

A, — Area of basin, m?

AgE — Area of east glass cover, m?

Agw — Area of west glass cover, m?

C — Specific heat capacity, J/kg-K

DS — Double slope solar still

ETC — Evacuated tubular collector

F — Collector efficiency factor, dimensionless

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

b, . — Evaporative heat transfer coefficient from

water surface to inner surface of east glass
cover, W/m? K

h — Evaporative heat transfer coefficient from
water surface to inner surface of west glass
cover, W/m? K

h, — Convective heat transfer coefficient,
W/m? K

hy, — Heat transfer coefficient from blackened
surface to ambient, W/m2K

h — Heat transfer coefficient from blackened

surface to water mass, W/m? K
— Heat transfer coefficient, W/m? K
— Radiative heat transfer coefficient from
water to inner surface of glass cover,
W/m? K
— Radiative heat transfer coefficient, W/m? K
— Total heat transfer coefficient from water
surface to inner glass cover, W/m* K
h — Total heat transfer coefficient from outer
surface of glass to the environment, W/m? K
h — Radiative heat transfer coefficient from
inner surface of east glass cover to inner
surface of west glass cover
I(t) — Total solar flux, W/m?
I(t) — Beam radiation on collector, W/m?
I(t) — Solar intensity on east glass cover, W/m?

I, ()
K

L
5
L
mf
mew
N

NPCETCDS

NETCDS
PCETC

PF

1
‘UN

Greek letters

Solar intensity on west glass cover, W/m?
Thermal conductivity, W/m-K

Thickness of glass cover, m

Latent heat, J/kg

Length, m

Mass flow rate of fuid/water, kg/s

Mass of distillate from double slope solar
still, kg

Number of parabolic concentrator inte-
grated evacuated tubular collector

Double slope solar distiller unit augmented
with N identical parabolic concentrator
integrated evacuated tubular collectors
Double slope solar still coupled with N
alike ETCs

Parabolic concentrator integrated evacu-
ated tubular collectors

Penalty factor first, dimensionless

Useful energy gain for N identical collec-
tor connected in series, KWh

Inner radius of outer glass tube of evacu-
ated coaxial glass tube, m

Inner radius of inner glass tube of evacu-
ated coaxial glass tube, m

Outer radius of inner glass tube of evacu-
ated coaxial glass tube, m

Outer radius of outer glass tube of evacu-
ated coaxial glass tube, m

Concentration ratio

Radius of copper tube in ETC

Reflectivity

Outlet water temperature at the exit of Nth
PCETC, °C

Ambient temperature, °C

Temperature at inside plane of condensing
cover oriented towards east, °C
Temperature at inside plane of condensing
cover oriented towards west, °C

Time, h

Water temperature at t =0, °C

Water temperature, °C

Overall heat transfer coefficient

Velocity of air, m/s

Basin liner
Pltae

East
Effective
Fluid
Glass
Incoming
Outgoing
Water
West

Absorptivity (fraction)
Efficiency, %
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(aT) 4 — Product of effective absorptivity and
transmittivity

o — Stefan-Boltzmann constant, W/m? K*

T — Transmissivity
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