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The solar still is the one of the good and cost effective method for
obtaining the fresh water from contaminated water. Hence for
increasing the performance of solar still it is necessary to model and
investigate the effect of different parameters as condensing cover. In
this paper two condensing covers at inclination 150 and 300 slope
studied to analyze the effect on rate of evaporation. Simulation is
carried out from 40-600C with 20C interval. For 150 and 300 inclination
various contours have been plotted and studied for each simulation.
There is a good agreement between simulated data and available
experimental data. Hence CFD is powerful tool in design of solar still
and sstudying effective parameters on the performance.
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1. Introduction
Distillation is a process which is used to obtain
fresh water from salty, brackish or contaminated
water. Without fresh water human life is not possible
even industries and agriculture also need fresh water.
Earlier fresh water is easily available from rivers,
lakes and ponds in plenty. Now it’s becoming scarce
because of industrialization. Growing population
leads to assumption that by the year 2025 two thirds
of the population will lack sufficient fresh water [1].
The areas with the water shortages are the warm, arid
countries in the northern Africa and southern Asia
within the latitudes 15-35ºN [2]. Sunlight is one of
several forms of heat energy that can be used to
power the process of water purification [3]. It is
difficult to use solar thermal energy in large scale
plants because of low thermal efficiency and
considerable land area required. This technology is
suitable for small scale where supply of conventional
energy is scarce [6-7]. This technology is use full
because of low environment impact as well as easy
operation and maintenance [8-9]. Jadav compared
black granite basin with iron steel basin and
concluded that productivity of black granite basin is
38% more than iron steel basin. Omar find the best
factor enhancing the productivity of solar still by
studying various operational parameters like solar
intensity, absorptivity and transmitivity etc. In this
paper two phase model was developed using ANSYS
CFX for condensation and evaporation and
simulation results are compared with the available
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experimental data.

2. Heat transfer coefficient analysis
In solar distillation system, the heat transfer can
be classified in terms of external and internal modes
[10]. In this case convective heat transfer occurs
simultaneously with evaporative heat transfer and
these two heat transfer processes are independent of
radiative heat transfer. The gas phase above the liquid
water is convected to the condensing cover by the
action of buoyancy force caused by density variation
due to temperature difference between water surface
and condensing cover temperature. Rate of heat
transfer from the water surface to the glass cover by
convection in the upward direction through humid
fluid can be estimated by cw=
(1)
is the convective heat transfer coefficient .
Dunkle’s [5] relation for convective heat transfer
coefficient from water to glass, hCW is used.

(2)The evaporative heat transfer coefficient, hew from
water to glass is given by Eq. 3
(3)
For mass transfer model, interfacial mass flux is
used [15]. It was assumed that the rate of water
evaporation is equal to the rate of fresh water
production. Therefore mass flux equation between
the two phases is
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(4)
Where
ew =

Further substituting hew into Eq. (5) and then
Eq. (4) we get

ew

into

(5)

The accurate estimation of internal heat transfer
coefficients is a critical step for the prediction of a
solar still performance. The convective heat transfer
coefficient is given by the Nusselt number, which is
the ratio of convective to conductive heat transfer
across a boundary.
(6)

(12)
Therefore
(13)
(14)
Where

Hence

(15)
(7)
(8)

(16)
Taking the logarithms of both sides of Eq. (14)

(9)
(10)
Table 1 shows the Temperature dependent
physical properties of vapour. Calculation of
constants C and n in equation (7) were based on
regression analysis of the predicted results of CFD
using Kumar and Tiwari [4] method. The convective
heat transfer coefficient is evaluated from Eq.7 using
the values of obtained C and n. The evaporative heat
transfer coefficient in the system and condensed
water rate are obtained from Eqs. (3) and (4)
By substituting hcw from Eq. (7) into Eq (3) we have

Quantity
Specific
heat
Density
Thermal
conductivity
Viscosity
Latent heat
of
vaporization
of water
Partial
saturated
vapour
pressure at
condensing
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Symb
ol

(17)
using linear regression analysis the constants C and n
evaluated.
(18)
(19)
(20)
(21)
Table: 1. Temperature dependent physical properties
of vapour [4]

(11)
Expression

ρ

μ
L
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cover
temperature
Partial
saturated
vapour
pressure at
water
temperature
Expansion
factor

β

3. Flow geometry
The schematic diagram of experimental set up of
Anil Kr. Tiwari, G. N. Tiwari is shown in Fig 1
Evaporative surface area of the condensing cover is
250mm*365mm. For simulation purpose two
condensing covers are taken at inclination 150 and 300
dimensions are shown in the table 2. Geometric
modal of solar still is created using ANSYS CAD
module and this geometric modal is imported to the
ANSYS meshing module to generate the meshing.
Geometry is shown in figures 3.2 and 3.3 for 15 0 and
300 inclinations respectively.
Table: 2. Specification of two condensing covers
Sr.no
Dimensions
Inclination, mm
01
02
03
04

Length
Lower height
Higher height
Width

365
70
185
250

water phase. It was assumed that bottom temperature
is equal to water bath temperature. Distillate collector
temperature is equal to glass temperature. For drop
formation on the condensing cover adhesion forces
are taken. All sides are assumed adiabatic so there is
no heat loss to surrounding. No slip boundary
condition is specified for liquid phase and free slip
boundary condition is specified for Vapour phase

365
70
295
250

4. Boundary Conditions
Mesh files of solar still are then imported to the
CFX Pre. In CFX pre physics and boundary
conditions are applied on the domain is explained to
solve the continuity and momentum equation. A two
phase domain is created in the (VOF) framework for
liquid water and mixture of water vapour and air.
Evaporation process is modeled as laminar at quasi
steady, accounting for thermal energy heat transfer
while considering the effects of buoyancy. A distinct
Fig: 1. A schematic diagram of experimental setup
interface between vapor and liquid phases exists,
of solar still [4]
hence both phases are continuous. To transfer heat,
two resistance model is taken zero resistance model
is taken for gas phase and heat transfer coefficient for
Table: 2. Boundary condition and initial condition.
Location
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Boundary Type

Boundary Details

Comments
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Top (condensing cover)

Wall

Fixed temperature wall

Condensing wall for drop
formation adhesion forces were
taken into account

Bottom

Wall

Temperature = 400 C to 600
C with 20C interval

All four Sides
Long wall
Small wall
Front
Back

Wall

Adiabatic

Distillate Collector

Wall

Distillate
collector
temperature = Glass cover
temperature

Bottom temperature is equal to the
bath temperature from which heat
is given to the water
No slip boundary condition
specified for liquid phase and free
slip for gas phase and all walls are
also set to be adiabatic so that
there is no heat loss to the
surrounding
To collect condensed water

5. Meshing detail
Geometry is imported to ansys meshing module
and meshing is done. Unstructured mesh of type
tetrahedral is used. A mesh independence test was
conducted to ensure the results obtained are accurate
and reliable. Test for grid independence is done and
jacobian for meshing is taken 0.8. Fig 2 and 3 show
meshing details

Fig: 4. Domain in CFX pre
Fig: 2. 3D Unstructured mesh for 150inclination

6. Experimental Validation
6.1 Water temperature

Fig: 3. 3D Unstructured mesh for 300inclination
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From the above results water temperature
predicted by CFD simulation is compared with
available experimental data of Kumar and Tiwari [4]
for 150 and 300inclination shown in figure 5. This Fig
has been drawn with Water temperature as ordinate
and Bath temperature as abscissa. Water temperature
is in good agreement with experimental data. The
average error of water temperature is 8% and 6 %
respectively from 400 to 600C with rise in bath
temperature.
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Fig: 6. Water mass flow predicted by CFD
simulation.

Fig: 7. The rate of fresh water production from
experimental data and simulation result for 150
inclination
Water production rate by CFD data is also in
good agreement with Experimental data. In the
starting water production rate is low as the bath
temperature is low. The average error for production
rate is 11.8% for 150 slope and 7.6% for 300slope as
shown in figure 8.

Fig: 5. Water temperature predicted by the CFD
simulation and experimental data for i) 150
inclination ii) 300 inclination

6.2 Production rate of water
It was assumed that the amount of water
evaporated is equal to the rate of water production
Kg/m2 sec. In other words the amount of water
evaporated is equal to the amount of water condensed.
The same amount of water is collected in distillate
channel. To represent the mass flow images of
contour is shown in fig 6 for 150 inclination.
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Fig: 8. The rate of fresh water production from
experimental data and simulation result for
300inclination
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Fig: 9. show the condensed water droplets on the
glass as the water heated. Water volume fraction on
the glass for (i) 150 inclination
The water temperature is higher than glass cover
temperature. Temperature difference between water
vapour and glass leads to vapour condensation on the
glass surface. For drop formation on condensing
cover adhesion forces are taken into account. Droplets
slip down and get collected in the trace as shown in
figure 10.It is obvious that gas and liquid phase are
completely apart and their interface is distinct. As
shown in Figs 9 and 10 Liquid are seen only at the
bottom, top and distillate collector.

Fig: 11. Gas mixture velocity on a plane inside
the solar still for 300inclination
condensed on the top where it cools down and
gets heavier. It forces the lighter warm vapour
towards the glass and hence free convection heat
transfer mechanism takes place as shown in Figs 11.

Fig: 10. Water volume fraction contour on distillate
collector for (i) 150 inclination

6.3 Heat transfer coefficient analysis
Heat transfer is due to the buoyancy force. The
equations are already discussed in the starting. Gas
phase moves on circular path lines between bottom
and the glass. Warm water moves upward as their
density decreases and the portion of vapour gets
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Fig: 12. Variation of (hcw) for 150 slope of the
condensing cover
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Fig: 13. Variation of evaporative heat transfer
coefficient (hew) within temperature range of 400600C for 150 slope of the condensing cover
It was observed that experimental results of
convective heat transfer coefficient and evaporative
heat transfer coefficient for both inclinations nearly
match with the heat transfer coefficient in simulation
at all bath temperature from 400-600C. CFD data
obtained by both models under predict as shown in
figure 13, 14 and 15. But the trend they are following
is the same as that of experimental data with certain
error.

Fig: 14. Variation of (hcw) within temperature range
of 400- 600C for 300 slope of the condensing cover
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Fig: 15. Variation of evaporative heat transfer
coefficient (hew) within temperature range of 400600C for 300 slope of the condensing cover

7. Conclusion
Simulation work is done on ANSYS CFX 13.
Simulation of evaporation process is done on a single
slope solar still. Different sets of simulation are done
by varying the temperature of top and bottom
according to experimental data. The behavior of phase
change and temperature distribution is observed due
to evaporation. The temperature of water obtained by
CFX and mass yield is compared with the available
experimental data. Two inclination of condensing
cover at 150 and 300 are taken for simulation. By
plotting the curves of mass of water produced,
convective and evaporative heat transfer coefficient it
is determined that condensing cover at 300 inclination
gives higher yield as compared to condensing cover at
150 inclination.) Curves for convective and
evaporative heat transfer coefficient are plotted. It is
observed that condensing cover at inclination 300
obtain the high convective and evaporative heat
transfer coefficient. The condensing cover at 300
inclination gives about 29.4% higher yield than 150
inclination. Hence CFD is powerful tool in design of
solar still and studying effective parameters on the
performance.
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