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Abstract
In this paper an attempt has been made to reviewWitdrature of performance improving techniques fo

solar water heater. In view of energy crisis, thplization of solar energy in the form of solar ®aheater is most
useful for domestic, commercial and industrial s but it is found that the application of itsitied due to its
demerits. Hence attempt to be made to find outddreerits of solar water heater and improve itsqrardnce so
that it becomes more popular in domestic, commkragawell as in industrial applications. The mabjective of
this research paper is to present the currentsstatal future aspects of Solar water heater in tbddwby
comprehensively reviewing various solar water headdated studies. This review paper shows commisiie
review and researches on solar water heater byusresearchers of the world.
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Introduction

Solar radiation is an alternative energy source
for numerous industrial and domestic applicatidBee
of the simplest and most direct applications ofs thi
energy is the conversion of solar radiation intathe
Hence the domestic sector can lesson its impadhen
environment is by the installation of solar flatleotor
for heating water. Conventional natural circulatitbat
plate solar water heaters are the most economitdl a
large scale use of solar energy all over the waltkl.
thermal performance and efficiency which dependgson
design parameters, thickness, type of insulatiomber
and type of glass covers, spacing between absarimbr
inner glass. Apart from these parameters its perdnce
also depends on climatic and operational parameters

The objective of the study is to conceive a cheap
and efficient flat plate solar water heater. Therkvo
focuses mainly on the increasing the performanad an
efficiency of the solar water heater.

The circulation of the water in solar water
heater is natural circulation due to the densiffedénces
between the hot water and cold water. The blocgrdia
of solar water heater is shown in figure. Solar ewat
heating systems use collector panels to captureuhe
radiation and convert it into useful heat in thenfof hot
water. A solar collector coupled with solar watrage
reduces the fuel needed for domestic hot waterarSol
thermal systems could make a contribution to space
heating as well as providing hot water. Water flows
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through tubes that are attached to a black metarhbr
plate. The plate is enclosed in an insulated bak i
transparent window to let in sunlight. The heatedewis
transferred to a tank where it is available for kom
commercial or institutional use.

Insulated sorage

Hen watex

Bl = water
B ot wrater

Figure: Block diagram of the heat exchanger basedtar
water heater

Literature Reviews
H.Y. andoh, et al [1]

In this research paper the thermal performance
of the solar water heater designed with a locaktedge
material as insulating material, coconut coir, \gjglead
in tropical countries. The study focuses on the
comparative thermal performance of this collectod a
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another collector, identical in design, fabricatiand
operating under the same condition, using glasd a®0
heat insulation as well as with eight other desajrasen
randomly using various materials as heat insulatith
performance data from the literature, the matexist of
the coconut coir collector is 25 % less than thasgl
wool one. The result of the study show very good
thermal performance of the collector using cocaruit
compared to the traditional ones.

Sumit ambade, et al [2]

This paper represents a simple method, low cost
combined batch type solar water heater cum regéwnera
solar still. In this paper effort is being is made
integrate two different solar appliances so thayttould
work in much better way. Solar water heater cum
distillation system is designed and fabricatedaycout
two operations simultaneously heating of water and
distillation. This composite unit performs more rihane
operation and converts solar energy into the therma
energy to make the devices more versatile andieftic
Vimal dimri, etal [3]

This paper projects an attempt that has been
made to evaluate inner and outer glass temperanoe
its effects on yield higher yield was observed &r
active solar distillation system as compared to the
passive mode due to higher operating temperature
differences between water and inner glass covee Th
parametric study has also been performed to firndhmu
effects of various parameters, namely thickness of
condensing cover, collector absorbing surface, wind
velocity and water depth of the still. It is obsedvthat
there is significant effect on daily yield due toaoge in
the values of collector absorbing surface, wincowity
and water depth.

Mattheus F.A. Goosen, et al [4]

This paper describes thermodynamic and
economic considerations in solar desalination. phiser
closes with a summary of key factors affecting eyst
performance and recommendations for future areas of
investigation and development. The thermodynamic
efficiency of single basin and multiple effect soleater
desalination systems was critically reviewed wipedal
emphasis on humidification-dehumidification pro@sss
Solar energy may be used either directly or indiyeio
produce fresh water. System economics was alsaetve
since it affects the final cost of produced water
Mohaned A. Eltawil, et al [5]

The objective of this paper is the development
of technologies integrated with desalination system
And a comparative study between different renewable
energy technologies powered desalination systeweds
as economics have been done. The economic analyses
carried out so far have not been able to provideang
basis for comparing economic viability of each
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desalination technology. The economic performances
expressed in terms of cost of water production Hmaen
based on different system capacity, system energy
source, system component, and water source. These
differences make it difficult, if not impossibley aissess
the economic performance of a particular technolmoy
compare it with others, reverse osmosis is becortfirg
technology of choice with continued advances being
made to reduce the total energy consumption anérlow
the cost of water produced.

Zhang tao, et al [6]

Zhang tao experimentally investigated the
performance of the two sets of collectors which ever
applied separately when the collector are moumeaii
and 15 of ground, and found that tHatent heat can be
usal effectively b increase the heat storagden the
collectors have the riglmstallingangle.

G.N. Tiwari, et al [7]

This paper presented the parametric study of
passive and active solar stills integrated wittiad fflate
collector based on the computer based thermal model
These models are developed based on mass and energy
balance equations. The effect of inner and outasgl
cover temperatures on the performance of the stiles
is studied which lacks in this literature. The camgon
is made between active and passive solar stillstbas
the hourly yield values for the two assumptionseTh
thermal performance of the active solar still ifeeted
by design parameters like water depth, thicknegasfs
cover, insulation thickness, condensing cover nwter
type of solar collector, number of collectors, aaldo
affected by a change in climatic parameters likdiant
air temperature, solar intensity and wind velocithe
effect of design parameters and wind velocity oa th
daily yield of both passive and active solar stilés
presented in this paper
Ruchi shukla, et al [8]

This paper concerns with the recent advances in
the solar water heating system. Recent developnients
heat pump based solar collector technology exhabit
promising design to utilize solar energy as a bidia
heating source for water heating applications ifarso
adverse regions. Heat pump based solar water [eiatin
influenced by many factors including the naturethod
refrigerant. Due to the environmental concerns, the
refrigerants with high global warming potential kav
come under scrutiny and several have already been
phased out. Driven in part by these concerns, new
refrigerants are being sought out and “old” rg&rants
such as carbon dioxide, ammonia and propane ang bei
investigated. Apart from the choice of working flui
there has been a major research focus in improviag
performance of various components of the SWH system
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Nay Zar Aung, et al [9]

This paper numerically investigated the effect of
riser diameter and inclination on system parametees
two phase closed loop thermosyphon solar watereheat
the effect of riser diameter and its inclinatiorglenon
system parameters in a two-phase closed loop
thermosyphon solar water heater has been numgricall
investigated. Here, receivable heat flux by thdectdr,
circulating mass flow rate, driving pressure, total
pressure drop, heat transfer coefficient in risarsl
collector efficiency are defined as system pararsete
For this aim, a model of two-phase thermosyphoarsol
water heater that is acceptable for various inttms is
presented and variations of riser diameter andnatibn
are considered and water is chosen as working. fithe
results show that higher inclination angle is reedifor
higher latitude location to obtain maximum solamathe
flux. The longer two-phase heat transfer charasties
can be obtained at smaller inclination angles amdsn
flow rate for all riser tube sizes. Therefore sitobserved
that the optimum inclination angles and diametens f
solar heat flux, circulating mass flow rate and thea
transfer coefficient in two-phase thermosyphon esyst
do not coincide. From this work, better understagdi
and useful information are provided for construgtin
two-phase thermosyphon solar heaters.

Abmed safwat nafey etal [10]

This paper concerns about the simulation of the
solar water heater. Simulation has become an tatep
tool for the performance, design, and optimizatmm
thermal processes. Solving the mathematical models
representing solar heating process units and sgstem
one of the most tedious and repetitive problemstéde
iterative procedures are usually needed to soleseth
models. To tackle these problems, several researche
have developed different methods, techniques, and
computer programs for the simulation of very wideity
of solar heating process units and systems.

Lebanon's market for domestic solar water heaters:
Achievements and barriers. [11]

This research paper discussed about the
domestic solar water heater's achievements and its
barriers. Domestic solar water heating systemsaarest
effective and mature technology that enjoys indreps
popularity around the world yet in many countriég t
penetration rates are still low. The recent growih
Lebanon's solar water heater market reflects trelogen
efforts on the legislative, financial, and awarenkvel.
This paper analyzes the developments in this manket
highlights persisting barriers. Our scenario analys
presents a baseline scenario and two differentwalble
energy scenarios.
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C.R. Lloyd, et al [12]

In this research paper the performance of
commercially available solar water heaters. Thipepa
includes the policies incentives to adoption of rgge
efficient hot water heating as a means of reducing
greenhouse gas emissions. Such policies rely lyeanil
assumed performance factors for such systems. This
paper also found that the performance of solaregyst
can be markedly improved through the use of auyilia
controllers to prevent the non environmental energy
source coming on during daytime.
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S. | Author | Parameters | Specification Formula Result
no.
[l el 131 [41 [31 [61
1. [H¥. 1) Insulation | Imsulation Coconut | Glass | Energy gain :(Qu)=m c;(Ts- | 1) The result obtained after 10hr. of
Andoh | 2)Insulation | material coir wool Tg) maintaining the device in a steady state is
thermal Insulation 0.074 0.040 | Heatloss {Qu)=Ac k=0.074 w/m k, with result precision = =£3%,
conductivity | thermal Ur(Tape-Ta) 2) efficiency= 32% 3) thermal conductivity=
3)insulation | conductivity ;s 00828 wmk
thickness Insulation 30 30 Clollect or efficiency
4)fluid flow | thickness (=Qu/AL(t)
G Fluid flow 0.0085 0.0085 | Thermal conductivity
rate 9 _ _kds g
dr an
2. | A. 1)water Mass of water=100kg Solar water heater 1)max. Temp. Of water in storage tank=53"¢
Sumit depth Initial temperature=20° efficiency 2)themmal efficiencv=33%
ambade | 2)thickness Specific heat of water=4 19KJ fi=ms(Tf— Ta)/(XIApAt) | 3)distillate output=336ml/day
of glass Heat required per day=16748KJ1 4) the result of PH and total dissolved solid
3Jinsulation | Owerall collector efficiencyv=40% | distillation efficiency measurement of distilled water and normal
thickness Collector area=2 m? Taist = QaQt water were 7.1, 7.9, 30ppm. The distilled
4)condensing | Slope of collector=42° water can be used for its low dissolved solid.
cover Slop of the collector
material (B=(Q-8)
2types and
no. Of Angle of inclination
collector ®F2345
6)ambient air sin[0 9863 (284-+n)]
temperature
T)ywind
velocity
a1 M 131 [41 (31 [6]
3. | Vimal Dithickness Design parameter of flat plate Outer glass temperature Itis clearly indicated that vield decreases with
dimri of collector (Teo =led's theincrease of glass cover thickness due to
condensing effective area of the Legeh U Tothy T} Ty U | reduction in the top loss coefficient, vield
COVEr collector=4m? o) decreases with increase of water mass from
2)collector Specific heat of working 20to0 130kg
3)absorbing | fluid=4190Jkg'c Hourly output is given by
surface collector efficiency factor=0.8 (M e =T (T T)3600]L
4ywind mass flow rate=0.035kg/s
velocity overall heat transfer coefficient
JJwater of the collector=6w/m*c
depth. depth of water in the
basin=0.05m.
4. | Matthe | 1)mass of Djthe total area of the solar Howly productivity of the The paper closes with a summary ofkey
us water absorber =966m? still factors affecting svstem performance and
2)heat 2)surface area of the solar (Pr)3600h o Tw-T) Ly recommendations for future areas of
exchanger pond=1700m? Daily efficiency of the still investigation and development.
length 3)surface area of the flat plate (haF[100PaL . ) [AAtEL]
3)mass flow | collector=81m? Daily thermal efficiency
e (ﬂdFEm P\\-L-':[E I(t)A stTL
')A ]3600
3. | Moham | 1)Effect of Storing sensible heat Energy storage density increased by 39% and
mad phase change (Q:)msAT exergy efficiency is enhanced by 16%.
Ali matetial as Stored
fazilati | storage energy(Q)=ZJ,- mc(Ty-ToAt;
medium. Total exergy entered/exited
from/to the tank during
charge/discharge is
determined by
Ax=} j e (To-Ti)-Toln(t/Ty)
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nr| @2 131 [4] 151 [6]
6. | Zhang | l)angle of 1)Area of the collector= 1.45m- Solar radiant energy per unit | 1)outlet temp =387c-40%
tao the collector | 2)no. Of tubes=12(D38- time 7 = e

2)water 1800mm.) q=E*s*sin(5+v) e ol i =
depth Sini=sini,*sing. The 35.6% 403°%
3)thickness Solar energy received by the | gverage
of glass solar panels temp. OF
4linsulation LfE ;
b Q fo q.dt hot water
2 : Q=P*Q-k*Ar*q1 ™t
5)condensing 5=00°-h=]c-p|
S thermal discharge of the
material h fer fluid
6)types of eat t.r:ﬂ;ns er flui
solar Q=L,-, ZC‘m‘(t.,‘m—’tin)_
collesnt Q1=P*E*S*2/w*sin{5+hs)-
T)ng. Of R )]
collector

7 GN 1)ywater 1)Area of the collector=2m? Thermal efficiency of solar | 1)the optimum depth for the highest vield

tiwan depth yspecific heat of water=4190 still: from the active solar still is 0.11m water

2ywater 3)collector efficiency factor=0.8 | Passive solar still depth.
depth 4)mass flow rate=0.035kgs ! (Mpassiva )= S(Maw L) 2 2ithickness of insulation is 0.1m for 0.03m.
3)thickness 5)overall heat transfer [L(t):*A *(3600sh™)] water depth.
of glass coefficient=fwm2c’! Daily vield 3)The optimum no. of collectors formax.
4yinsulation | Effective-absorptance (Mo X2 mas Yield for 0.15m water depth was found tobe
thickness transmittance product Hourly vield 3.
5)condensing (Mew ) =A R (T
cover T)3600sh /L
material
6)types of
solar
collector

Nomenclature

Qu =useful energy gain

m = working fluid rate

C, = specific heat of water

T = final temp. Of the fluid

T5 = initial temp. Of the fluid

Q.= heat loss

Ac= collector area

U, = collector overall heat loss coefficient
Taps= absorber temp.

T, = ambient temp.

1 = efficiency

I= radiation intensity

Ta = fraction of the solar radiation absorbed by the

h,, = total heat transfer coefficients from water aoef
to glass cover, w/Mm

Tqo= oOuter glass temp.

h,4= total heat transfer coefficients from water soeféo
glass cover w/mh

U, = overall top loss coefficient from water surfaee t
ambient air, w/rh

B = slope of the collector

Q = latitude of the test site

d = angle of the inclination

n = no. of days

Mew= daily output of still kg/rh

L4= thickness of glass

collector P.= hourly productivity of the still
Ap= aperture area hewg= €vaporative heat coefficient
At = time T, = temp. of the water

T, = temp. of the glass

Ly = latent heat of vaporization of water

nq= overall daily thermal efficiency

Py = daily productivity

L., = average latent heat

I = solar radiation intensity incidental on the glas

Naist= distillation efficiency

Tqo = Outer glass temp.

o'g = fraction of energy absorbed

lets = effective solar intensity w/m

h, = heat transfer coefficient

U, c = overall heat transfer coefficient for collector.
T;= average of water and inner glass temp.
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Conclusion

At Present, Solar water heating systems are
installed with different configurations and arrangmts.
The basic technology concrete of these systems are
studied and it is found that there is a need tdkwear the
generated design procedure to select, install amwitor
the solar water heating system as per the avaiialoi
solar radiation and local geographical conditiomnEe
need to find out the demerits of solar water heatet
improve its performance so that it becomes moraijaop
in domestic, commercial, as well as in industrial
applications.
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