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ABSTRACT

Domestic desalination is a process in which satews heated and converted to steam by using pbcab
solar concentrator. Solar radiations incident oncemtrator are focused at the absorber which am&alt
water. The steam is then condensed by the condetmseh is designed on the basis of the thermalyaisl
Condenser is a basically a water tank with copplees immersed in it. The steam flows through thesu
and heat exchange takes place between steam dndvéder which absorbs the heat from the steam by
converting it to purified water. No electricityused for the condensation and the equipment ialdgifor a
small family, having no or limited access to elisity.
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1. INTRODUCTION storageto run the desalination process round the clock.
Galveza et al. (2009) has devolped a seawater
Rural households in the coastal districts in India, desalination by solar-powered membrane distilfatio
suffer frequent outbreaks of jaundice, diarrhea andsystem. Desalination has been also carried out fleigh
gastroenteritis. Some of the challenges in progdilean  distilaation process using vacuum pumps and comdens
water in rural areas include geographic remote s, driven by electricity (Josepét al., 2005). In many rural
maintenance of existing systems and a paucity bfipu  coastal areas in India, where power cut off isrtregor
funds (Carter, 2013). The two main commercial issue, it is not possible to design condenser wgrkin
desalination technologies are those based on themda  electricity for domestic purpose. The cost of such
membrane processes (BARC, 2010). Both processegquipment will also go high if it is designed foismall
involve electricity and small domestic and housdhol family. The paper discusses suitable system foredim
plants are not available (Mandri-Perrott, 2011). In sea water desalination. Sea water is kept in aorbbs
thermal processes, saline water is heated, proglucinwhich is basically a black cooker. Solar radiati@me
water vapour that in turn condenses to form déstill focused on absorber with the help of parabolic
water. Most of the steam condensation techniqued us concentrator. To collect the maximum amount of sun
water or air for cooling. Cooling can be done by rays on to the absorber, the parabolic concentshiould
circulating water or air around the steam pipe gisin be always in line with the sun rays (Sukhatme, 2003
electricity. The steam is then condensed usingdflui Temperature of water increases and steam formation
which is circulated by pump using electricity (Kgimu, starts after 35-40 min. The time for formation tfasn
2005). Gudeet al. (2012) have discussed desalination varies as per the availability of solar radiatibhe steam
using solar collectors augmented by thermal energyis then passed through the condenser. The condanser
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basically a tank filled with the water and coppebé Table 1. Net heat input for different values of diameter

immersed in and attached to the tank. When steasepa Diameter of Effective Area  Net heat input at the
through the copper tubes, it gives its heat tovilaéer ~ concentrator (m  (AJ n absorber (QWatts
and gets converted to liquid form. Continuous 1.5 1.70 1192
condensation of steam is possible without usingl.8 2.48 1739
1.1. Selection of Concentrator Table 2. Heat utilized for different cases
Heat generated by concentrator depends on the solgr |n|ft|al iemp' Time f:)rt Heﬁ? g
radiations, size of concentrator and reflectivitf o wstZr (()k ) _T_ (V:’g)er esgmcf)raeti?)n (min) (\L/Jv!tzt:)
aluminium sheet placed over the concentrator. Titar s g 25 109p06 =82
radiation, ] was measured using optical pyranometer at4 30 218.24 779
Pune, India, during the summer months and it waado '
. 29 329.58 775
to be in the range 700 to 950 Watt&/rverage value of
. . . 8 31 432.98 784
solar radiation in the range of 800 Watts/ris 10 31 ) )

considered for analysis. Aluminium with reflectivifp)
0.8 is used and if Ais the effective area, then the heat

input Q is calculated as: The average value of heat utilized by the waténis

the range of 725 to 760 Watts, so higher value ezt h
) utiized as 790 Watts is adopted for designing the

condenser. Results show that the system cannosdm u
for more than 8 hours in a day and from the tabls i
clear that maximum 8 Liters of sea water can bel fise
heating purpose.

Q =lkxAexp

The values obtained for these three different
concentrators are tabulatedTiable 1 by using Equation 1.

To utilize maximum solar radiations for heating
parabolic concentrator of 2.2 m diameter is martufad 1.3. Design of Condenser
(Auti, 2012) and heat utilized at the absorber, i€

measured experimentally. Condenser designing is based on the size of

condenser, required for storing water and the size
1.2. Amount of heat Utilized pipe containing steam, which is circulated in that

To find out the amount of steam which is generatedwater'

during the heating process, it is necessary to dimicthe . . .
amount of heat utilized by the water. Experimems a 1.4. Size of Pipe Carrying Steam

conducted on different quantities of water. Reasling The important task is to find out the quantity cftar
initial and final temperature of water are taketemfin required for heat exchange, which indicates the
interval of 5 min. The time required for complete requirement of size of condenser. Heat gained ley th
evaporation of water is also measured. The helitadi water is calculated as:

Quis calculated as:

(Heat gain by water up to 100 C (Qu =Q, =M,x pr X(Tf - T')) ®)
Q, = latent heat of vaporization) @)
v Time(Sec) where, M,= mass of water kg/sec.
Considering temperature rise ({l;) of water by
(Mmassx4187x(100:F, | 10°C, when water gained heat frorr_1 the steam, theeva
of M, can be calculated from Equation 3 as:
Q, = +(massx2257x1000)

(Time(sec)x60x60) 790= M, x 4187x 1(

The readings are taken after every 10 min of tiioe,
different quantities of water and the value of @
calculated using Equation 2. The results are tabdla
below inTable 2. M, =67.9kg/hr

M,, =0.0187kg/set
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From above calculation it is clear that 68 Litefs o AT, is the log mean temperature difference which is
water is required for each hour for removing 790tié/a  given by the formula Equation 6:
of heat. The mass of water remains stationary diedl f
in a tank once, hence it is necessary to calctiet¢otal (T —T.o)- (To—T.)
quantity of water required for the entire procdas: the Tam= og(T. —T.)/(T..—T.)) (6)
available input, 40 min time is required for foriat of hioTeediiihe Tel

steam and there after continuous formation of steam . .
takes place. The time for which steam flows in the where, T is the inlet temperature of steam,Ts the

condenser is almost 7 h and 20 min. The total dyeoft outlet temperature of steam,; 15 the initial temperature
water is calculated from Equation 4.a5' of water, T, is the final temperature of water. As the

water temperature increases every hourA$g is also
4) calculated for each hour. Final temperature of wege
40°C, hence the final temperature of steam at thiketo

i i i of pipe, theoretically equal to 40°C. Substitutifg =
500 liters of water is required to absorb 790 Watts 19g°c T..= 40°C, T, = 30°C and T,= 31.35°C

of heat. If the system runs for 7 h and 20 minnthe

water temperature in a tank increases from 30 €40 (100-31.35) (46 30)
For first hour, the water required is only 70 L&er am =

where as 500 Liters of wactler is availaﬁle for heat 10g((100 -31.35)/ (4& 30)
transfer. As a result of which, water temperaturé¢hie
tank will not reach a value of 40° but it will beach a
temperature lesser than that and can be calculate
from Equation 3 as:

M, =70x7.33= 498.3 Liter:

Substituting the value ofT,, is Equation 5, the area
§p calculated as:

A, =0.02595
790= (500/3600% 4187*(J- 3C
For the next hour, J becomes J andthe value of
1.35= (T, - 30) T is increased by 1.35. The values for LMTD and area
are then calculated and tabulated able 3.

It shows that temperature of water is increased by From the result it is cleared that, maximum valfie o
1.35°C in 1 h. Similarly for the next hour, initial area required is 0.04662ZnThis area is the area of pipe

temperature of become 31.35°C and the final With diameter D and Length L. Copper tube is sekct

temperature is calculated as: as it is having more thermal conductivity. Consicigr
standard size of pipe of 15 mm diameter, the lemdth
T,=T,+135C the pipe can be determined as follow:
Using the above equation, the water temperatuee in A =[xDxL |

tank reaches 40°C after 7 h.

1.5. Size of Pipe Carrying Steam 0.23711= 3.14 0.02 |

Another task is to design the pipes used in the
condenser tank. Heat transfer between steam and
water take place across the surface of pipes. Hag¢ h
transfer across the pipe,»Qs calculated by the Table3. Values of LMTD and area

L=3.77Tm

formula (Kreithet al., 2010): Hours LMTD (°C) Area (f
1 30.44 0.02595

- 2 28.41 0.02779

Q = UxA xaT, ®) 3 26.64 0.02964
4 24.59 0.03212

where, U is overall heat transfer coefficient, wdhoalue 5 22.37 0.03530
ranges from 1000 to 5000 Wik (Rathore, 2006) 6 19.90 0.03969
7 16.94 0.04662

Lowest value of U is considered for calculating &nea.
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Considering the volume of tank is in the range@ 5 Coiled shape copper tube is surrounded by thewatdr
liters, a tank of 1200x600x700 mm is manufacturgtd w  which is kept in the condenser tank. Heat tranifkes
pipe diameter 15 mm and length 1000 mm is designedblace around the surface of the copper tubes aainst

and manufactured. gets converted into water. The pure drinking waser
then collected in a collector. The temperature wifed
2. MATERIALSAND METHODS water and tank water is measured. The same system i
used for different quantities of water and outlet
2.1. Experimental Analysis temperature of water is measurddhble 4 shows the

outlet temperature of water for complete evaporatb

Experimental Set Up consists of solar concentrator__ ; -
particular mass of water with respect to time.

with a black coated cooker and flexible tube attakcto

the copper tube in a condenser, as showignl.
Eight liters of salt water kept in a black coatedker 3. RESULTSAND DISCUSSION

gets heated from_ the concentrator at arOL_md 78Bwat  T5ple 4 shows that, the outlet temprature of water by
and steam formation takes place after 40 min. Gwieoé experimental analysis is lesser than the therotical
the flexible tube is attached_ to the outlet of doeker. value.The reason being that the tank is open to
The steam from the cooker is passed through thperop atmosphere and heat losses takes place from tketdan
tube via flexible tube. the surrounding. As a result, the heat which isbéo
absorebd by water gets reduced. The graphs areglot
to show the time of evaporation required for difer
quantities of water and the average outlet tempegat
variation with respect to time.
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Fig.2. Graph (Time of evaporation Vs Mass) and
Fig. 1. Experimental Set Up (Temperature Vs Time)
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Table4. Outlet temperature and time for evaporation féfiedent quantities of water
Temperature of Outlet water after each hour (°C)

Time for
Mass of water (kg) 1 2 3 4 5 6 7 evaporation hours
2 304 30.8 - - - - - 1.82
4 30.3 30.7 31 31.8 - - - 4.41
8 30.2 30.5 30.9 31.4 31.9 33 - 7.23
9 29.9 30.32 31.55 32.32 33.36 34.2 34.7 8.12
Average Outlet 30.2 30.58 31.15 31.84 32.63 336 473
temperature (°C)
Table 5. Mass of water evaporated as per the availabifigotar radiation
Average Solar Radiation Mass of Water
Day Start time End time Measured (W)jm Evaporated (kg)
08/12/12 9.30 5.30 589 --
12/02/13 9.30 5.30 640 5.6
10/03/13 9.30 5.04 865 8.0
10/04/13 9.30 5.17 855 8.0
05/05/13 9.30 4.49 892 8.0
14/04/13 9.30 2.00 864 4.1
08/05/13 12.00 3.00 886 2.7
~ 107
53 3
E ¢ -
T F
5
C] L
0 2 4 6 8 10
Mass of water (Kg)
Fig. 3. Graph showing Mass of water evaporated as peralue of solar radiation
Other tests are conducted on 8 liters of wateiftardnt 4. CONCLUSION
time, when solar radiations values are varying exstipe
month. For different values of radiations, the mass Experimental result shows that the average
water evaporated has changed and results are tdbula temperature of outlet water in each hour is almost
below inTable5. remaining same for all the cases. The temperaises r

FromFig. 2, it is cleared that the time of evaporation after each hour in the system is in the range ®°Z for
increases with increase in the mass of water andirst 4 h. The difference increases after thathastank
maximum of 8 liters of water can be evaporated. Thetemperature will also increase after 4 h. The systan
temperature in the water tank increases at faaterat  be used effectively for 6 h and thereafter hot witehe
the start and then reduces. The average range oform of vapour is available at the outlet of thedenser.
temperature remains same during each hbigure 3 From the graph, it is clear that 6 h of time is
shows that minimum value of 600 Watf/radiations are  sufficient to evaporate minimum of 5 kg and maximum
required for the evaporation of water. During good of 8 kg of water. The system is designed for 8 kg o
sunshine condition, 8 kg of water is evaporatedlevhi water but can be used effectively for 9 kg of wateder
during insufficient radiations the quantity of wate good sunshine condition. This is possible becahse t
evaporated is reduced. The quantity of water eajmor minimum value of U and maximum value of heat
has been reduced by reducing the time for heating. utilized is considered for designing the conden3ée
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system works perfectly and the values of measuredGalveza, J.B., L. Garcia-Rodriguezb and I. Martin-

temperatures are almost same as that of theoretitads. Mateosc, 2009. Seawater desalination by an
The inherent limitations of natural availability séin innovative solar-powered membrane distillation

light, even in a tropical country like India, isrpaps the system: The MEDESOL project. Desalination, 246:
most daunting limitation in respect of this devidealso 567-576. DOI: 10.1016/j.desal.2008.12.005

require frequent “tracking” of the parabolic congator ~ Gude, V.G., N. Nirmalakhandan, S. Deng and A.
which is equivalent to following the sun so as tiain Maganti, 2012. Low temperature desalination using
as far as possible normal incidence of its raysis It solar collectors augmented by thermal energy
effected by intermittent swiveling of the reflegtor storage. Applied Energy, 91: 466-474. DOL:

10.1016/j.apenergy.2011.10.018
a]oseph, J., R. Saravanan and S. Renganarayandhn, 200
Studies on a single-stage solar desalination system

typically, once in 20 min or so. The absence of lgint
owing any of the reasons enumerated above, may be

L?)f;gsrt)zﬁ::ttlglIéll'r?gseécgrrg%ﬂz ?jaiTSSIeogncga bnlasm for domestic applications, Desalination, 173; 77-82
) DOI: 10.1016/j.desal.2004.06.210

_rtural Io|:at|(t)ns an(; car;tb_e %ortl)ver;ed _mtoﬂ::omblﬂsnb é<alogirou, S.A., 2005. Seawater desalination using
ltems. neat may be oblained by burning th€se as an renewable energy sources. Progress Energy

when required. Future work would be necessary to  ~;mpust Sci 31 242-281 DOI:
integrate such system with the solar concentrator. 10.1016/j..pecs.20.(,)5.03.00.1 ' '

At domestic level, such small plant can be yyejth F. R.M. Manglik and M.S. Bohn, 2010. Pipies
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