
856 D Sharmila, G Mohan Krishna, Mrs Sujatha ND, M Krishna

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

Experimental Investigation of Indirect Solar Cooker using
Evacuated Tube Collector with Dual Thermal Storage Unit

1. D Sharmila 2 G Mohan Krishna 3 Mrs Sujatha ND
Assistant professor Assistant professor Assistant professor

EEE Dept EEE Department EEE Department

St.Peters Engg College, Hyd St.Peters Engg College, HYD

4. M Krishna
Assistant professor

EEE Dept

St.Peters Engg College

ABSTRACT:-
In this article, a roundabout sunlight based cooker utilizing emptied tube gatherer and double sensible warm stockpiling
unit with copper pipe is examined tentatively. The fundamental part of this sun powered cooker is that its warm
stockpiling unit is produced using shabby and locally accessible materials sand and iron corn meal. The water (warm
exchange liquid) which gets warmed in the cleared tube is utilized for backhanded cooking with the assistance of sand
and iron coarseness. The sand and iron coarseness takes warm from water and this warmth is utilized for cooking. The
high temp water streams in upwards heading as a result of thermosyphon wonders. It was discovered that this sort of
sunlight based cooker can cook various types of sustenance for evening and evening cooking. It is likewise useful for
keep nourishment warm till late night hours. The payback time of this sun oriented cooker at the point when contrasted
and LPG and Electricity is 8.88 and 7.61 months separately
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Introduction
Sun oriented cooking is considered as a basic, the
most practical and alluring alternatives as far as the
usage of sunlight based vitality. Vitality is a type of
energy that is utilized to do numerous works. We
utilize vitality to light our homes, to run different
methods for transportation, for example, trains,
planes, ships, rockets and so forth. Vitality warms
our homes, cooks our nourishment, plays our music,
runs PC, enables us to see pictures on the TV screen
and do numerous more things. Vitality is the thing
that influences the world to go around. It is the
thing that makes this universe of our own work.
Creature eat nourishment and change over it to
vitality utilizing complex biochemical process. This
vitality is then used as work or exercise however
plants are genuine converter of sun oriented Energy
into biomass. Sun powered vitality is alluded to as
the vitality that originates from the sun's beams
episode per unit zone on the surface of Earth. There
are a few methods for using this power however

utilization of sun oriented power in show time is for
the most part confined to create power, desalination
of seawater, sun oriented cooking, sun based water
warming and space program. Sunlight based vitality
has dependably been broadly accessible on Earth
since times immemorial; plants have been
productive regular trapper of this vitality since their
source on Earth while humankind has gained
noteworthy ground in tackling this frame vitality
over the most recent couple of decades. Petroleum
product based vitality assets still prevail with the
most astounding offer in worldwide vitality
utilization. The vitality required for cooking is
provided by non-business energizes like coal, rural
waste, excrement and oil. In India, vitality interest
for cooking territories have no decisions however to
walk a few kilometers consistently to gather
kindling. Other than the natural and monetary
weight of noncommercial energizes, there are some
genuine medical issues, for example, consumes, eye
issue and lung sicknesses begin from the usage of
kindling. Along these lines this circumstance
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requires more consideration towards sustainable
power source substitutions to meet the cooking
necessities of individuals in creating nations. In late
year's part of research have done on sunlight based
cooker consolidating warm capacity material.
Analysts utilized distinctive kinds of sun powered
cooker for directing investigations to enhance
inadequacies of sun based cookers. All in all part of
work has been done on sunlight based cooker
consolidating stage change material and parcel of
work must be done in coming future. Rundown of
work done on sunlight based cooker are: Ramadan
et al. built up a sun based cooker by putting away
sunlight based vitality in sand as particular warmth.
They utilized sand as a result of its high warmth
maintenance capacity however it requires huge
volume to manage. They utilized sand as a result of
its minimal effort, simple accessibility. By utilizing
sand; cooker execution expanded amid the daytime
and around 3hrs/day of indoor cooking was
conceivable. It can likewise keep the sustenance
warm amid evening time as broiler do. ker,
produced using dirt that is effectively accessible and
of minimal effort. The principle qualities that
recognize this sort of sun powered cooker from
others , is produced using locally accessible
materials, temperate practical and no additional
gifted work required to plan the sunlight based
cooker. In this setup, they utilize the dark stone
rocks for putting away sun powered vitality as
opposed to engrossing plate. The utilization of dark
stone rather than safeguard plate makes more
proficient sun oriented cooker that is fit for putting
away more sunlight based vitality, brings about late
time cooking and more powerful than some other
sort of customary sun oriented cooker. Domanski et
al. considered sun based cooker tentatively to cook
at daylight and off-daylight hours by the utilization
of stage change materials (PCMs) as capacity
medium. For this reason, they outlined two
concentric barrel shaped vessels and 2cm hole is
given between them to keep stage change material
(PCM). This hole was loaded with the PCMs as
magnesium nitrate hexahydrate (MNHH) and
stearic corrosive (SA). The cooker execution is
figured as far as charging and releasing
circumstances of the PCMs. They found that
general effectiveness of the sun oriented cooker
amid releasing is to be 3-4 times more noteworthy
than that for steam and warmth pipe sun oriented
cookers, which can be utilized for indoor cooking.
Amid hardening of MNHH, temperature of cooking

nourishment in the range 78-84ºC is to be
discovered which is higher than the required most
minimal temperature. The sunlight based cooker is
tried under various climatic conditions. Buddhi et
al. tentatively considered and manufactured a sun
powered cooker of box compose with inert warmth
stockpiling unit for late night cooking. They utilized
Commercial review PCM Stearic corrosive for
putting away sun oriented vitality as capacity
medium. They cooked various types of sustenance
for various span of time, a few times in a day and it
was discovered that the temperature of the plate is
65ºC at 8:00 PM which demonstrates that the
nourishment can be hot for next two hours at late
night. The exploratory outcome demonstrates that
the nourishment can be cooked even at night with
this kind of sun powered cooker. At that point the
exploratory outcomes are contrasted and regular
sort of sun powered cooker. Funk et al. considered
sunlight based cooker and presents a model for
forecast of the cooking power which depended on
chiefly three controlled parameters, for example,
sun based block zone, over all warmth misfortune
coefficient, warm conductivity of engrossing plate
and three controlled factors, for example, insolation
falling on the territory, the heap dissemination and
the temperature distinction. They decided the major
vitality adjust condition and coefficient for each
term in the model by relapse examination of the
exploratory information. Gaur et al. tentatively
examined the execution of sun powered cooker,
extraordinary accentuation on the state of top of the
utensils that was utilized for enhancing the cooking
execution of sun powered cooker for cooking
sustenance. This examination presumes that sun
powered cooker execution can be extemporized by
utilizing an inward shape cover instead of plain top
utensils. From there on they contrast the outcomes
and typical cover utensils and found that stagnation
temperature for an utensil having a sunken top was
around 2-7% more than the utensil with an ordinary
top. They performed water warming test which
demonstrated that utensil have a curved shape cover
took around 10-13% less time than the time taken
by utensils with an ordinary top for a similar
temperature ascent of water in both the utensils.
Sharma et al. built up a sun oriented cooker for
cooking nourishment at night and evening
moreover. They utilized PCM stockpiling unit to
store sun oriented vitality amid daylight hours. The
vitality put away by PCM was utilized to cook
sustenance at night and amid off sun-sparkle hours
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moreover. Business review PCM acetamide was
utilized as an inert warmth stockpiling material for
putting away sunlight based vitality from the sun.
From the trial comes about, they presume that the
capacity of the sun based vitality does not influence
the execution of the sun based cooker for twelve
cooking and PCM ought to have softening
temperature between 105 to 110°C, more
reasonable for cooking sustenance with the present
outline amid the night and late night hours
moreover. Buddhi et al. created trial setup in new
path by the utilization of three reflectors and
assessed warm execution of sun powered box
cooker with idle warmth stockpiling unit for night
cooking. They utilize stage change material for
putting away vitality. Business review PCM
acetanilide was utilized which put away vitality
amid day time and sun-sparkle hours. They led
cooking tries different things with various loads and
stacking times amid the winter season at night time
and late night hours moreover. They presumed that
case write sun powered cooker with three reflectors
that was utilized to upgrade the episode sun oriented
radiation for enhancing the execution of sunlight
based cooker was effective and furthermore ready
to cook nourishment amid the night and night hours
too. Schwarzer et al. plan and built up a backhanded
sun powered cooking framework with or without
transitory warmth stockpiling for cooking
sustenance amid day and off daylight hours too.
They research the sunlight based cooker and results
the likelihood of indoor cooking and night cooking
by utilizing vegetable oil as the warmth exchange
liquid. The warmth exchange liquid i.e. vegetable
oil that is warmed up in the gatherer and moves by
normal course with no additional work to the
cooking unit, where it exchange parts of its sensible
vitality to the cooking products in twofold walled
pots. Amid charging stage, the sun based vitality
consumed by the working liquid and gets warmed
and after that put away in the oil-rock tank. The plot
demonstrates temperature estimations and variety at
various circumstances and at various load at the
outside dividers of the compartment at stacking and
emptying times. Amid releasing stage, when
cooking is done after nightfall, the warmth
discharged by the capacity unit is ascertained by
sensible water warming test that demonstrates the
sensible warmth pick up by water concerning time.
Subodh Kumar contemplated the crate compose sun
based cooker, warm execution and investigation of
best warmth misfortunes coefficient that constitute

the real misfortunes and affects the warm execution
of cooker. They played out a few open air and
indoor trials to build up a relationship for the
variable Utw of as a component of pot water
temperature, wind speed and surrounding air
temperature. Their examination uncovers that the
ideal opportunity for cooking or warming water at
certain temperature relies upon sun oriented
radiation level and sort and amount of load.
Harmim et al. composed, created and researched the
warm execution of two indistinguishable box
cooker tentatively. One sort of sun oriented cooker
having regular plate for retaining daylight and
another kind of sunlight based cooker have
engrossing plate with blades. Subsequent to
directing examinations and a few investigations
they found that the finned safeguard plate brings
about accomplishing higher execution by
diminishing the cooking time by 12% as analyzed
then the normal sort of sun oriented cooker. The
stagnation temperature of box compose sun
powered cooker furnished with finned safeguard
plate was observed to be 7% more than the normal
cooker. Harmim et al. built and assessed the
execution of box write sun oriented cooker solar
cooker

.
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Fig. 1: Photograph of Experimental setup &
Photograph of Thermal Storage Unit

Examination of Experimental Data
In the test setup, temperature of iron corn meal,
sand, surrounding, water channel and outlet
temperature to the header and cooking medium
temperature are estimated with 'RTD PT 100' sort
thermocouples which are associated with advanced
temperature pointer having temperature extend up
to 600°C with a determination of 1°C. A sun
oriented power meter is likewise used to quantify
the force of sun based radiations. The instrument
utilized is of WACO 206 arrangement having range
up to 1999W/m2 with determination of
0.1W/m2.Solar radiation power and in addition
different temperatures were estimated from 9 A.M
to 6 P.M. at normal interim  of 30 minutes. Corn
meal of iron as warm warmth stockpiling medium is
filled in the external compartment and sand was
kept inside the center holder. To check the
practicality and adequacy a few analyses were
directed keeping in mind the end goal to cook the
sustenance amid morning and night session. Toward
the beginning of examination, TSU is put on 0.30 m
tallness above ETC which is adjusted ordinary to
the sun. And so forth which is presented to the sun
focuses sun oriented radiations on the tubes which
are set on it. Because of it; temperature of water
streaming inside the tubes increments and due to
thermosyphon marvels water begins moving in
upwards course to the TSU through associating
channels. Water inside copper tube exchange
vitality to the iron corn meal and after that further to
the sand. Temperature of iron and sand begins
rising ceaselessly. This augmentation in the
temperature of iron and sand is named as charging
process. Force of sun powered radiations and
different temperatures are estimated at an interim of
30 minutes. TSU is intended for indoor evening and
night cooking. Temperature of iron corn meal and
sand begins diminishing gradually which is named
as releasing procedure. This decline in temperature
prompts loss of warmth from TSU. The cooking pot
containing cooking medium (water, rice, beats) is
placed in the pit of TSU for cooking reason which
prompts quick lessening in temperature of sand and
iron corn meal because of retention of warmth. This
conduct of sun based cooker is examined with and
without cooking load. 3.1 Energy put away by TSU
This parameter is helpful in computing the measure
of vitality put away by TSU containing corn meal of
iron and sand. The vitality put away by TSU which
is given by articulation QTSU =
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[(msand.Csand).(Tm – Ti) + (m coarseness.
Cgrit).(Tm – Ti)] (1) Where msand, Csand are the
mass and particular warmth of sand; Tm and Ti are
the most extreme and introductory temperature, ,
are the mass and particular warmth of iron corn
meal. 3.2 Energy put away per unit time by TSU It
is the proportion of vitality put away by TSU to the
time it takes amid the charging procedure. (2)
Where is time accessible amid charging process. 3.3
Heating Power It is the proportion of vitality
devoured by the cooking medium to the span of
cooking process. ( ) ( ) (3) Where mw, Cw, Tw1,
Tw2 are mass, particular warmth, beginning and
last temperature of cooking medium; is length of
cooking process.

Results and Discussion
The test setup is intended for cooking conceivable
both for evening and night session. The
accentuation is laid on indoor cooking since it is
unhygienic to cook in open and it is awkward for
client to stand close-by the sunlight based cooker in
daylight amid cooking. The testing of trial setup is
finished amid bright days of May 2015 at
Mechanical Engineering division, Guru
Jambheshwaruniversity of science and innovation,
Hisar. Plan of trial setup depends on the
metrological states of the Hisar (29o 09' N scope
and 75o 42'E longitude). The cases which are
considered are portrayed in detail. Amid the
exploratory work, regular emptied tube sun based
gatherer was presented to sun based radiation in the
early morning with the sun rise. In the trial setup
which included cleared tube sun oriented authority
with the warm stockpiling unit, each time cooking
tests were led and testing was finished. Case 1:
Testing the possibility of sun powered cooker
without cooking load: On 20 May 2015, the trial of
the sunlight based cooker was managed with no
cooking load. On the primary day, the sun oriented
cooker was presented to sun oriented radiation for
charging at 9.00 am and distinctive estimations
were taken up to 6 pm at an interim of 30 minutes
amid charging and releasing procedure of the
sunlight based cooker. The temperature
accomplished by sand, press corn meal, cooking pot
and the variety in encompassing and sun oriented
force with time are plotted in figure 3. Amid day
time, the most extreme sun oriented power was
recorded as 1370 W/m2 at 1:00 pm and the
surrounding temperature was in the scope of 30°C

to 44.7°C. From the figure it can be seen that, the
most extreme temperature accomplished by sand
and iron corn meal and cooking pot were 90.9°C
and 91.5°C and 80.0°C individually. Sun powered
cooker was charged persistently till 5:00 pm and a
short time later different temperatures were noted
down amid the releasing procedure of warmth
stockpiling material. From the figure it can likewise
be seen that the temperatures of warmth stockpiling
materials diminish from 91.5°C to 81.7°C (press
corn meal) and 90.9°C to 78.3°C (sand) individually
in term of 1 hour i.e. from 17:00hr to 18:00hr. Case
2: Testing the achievability of sun based cooker
water as a cooking load: On May 21, the sunlight
based cooker was stacked with 1ltr water, 500 gm
water in each pot for cooking. Amid the day most
extreme sun powered force was 1378 W/m2 at
13:00hr individually. From figure 4, it can be
watched that, the greatest temperature of cooking
pot 1 and 2, sand and iron corn meal were 70.2°C,
71.1°C, 88.3°C and 91.9°C. Sustenance was put in
the sun based cooker at 9:00hr for morning session
and again cooker is stacked with same load at
14:00hr for night cooking session. Case 3: Testing
the practicality of sun oriented cooker with (water +
rice) and (water +Pulses) as a cooking load: On
May 22, the sun powered cooker was stacked with
150 gm of rice in required extent of water (300ml)
and 150 gm beat with 450ml water for cooking.
Amid the day most extreme sun oriented power was
1382 W/m2 at 13:00hr separately. From figure 5, it
can be watched that, the most extreme temperature
of cooking pot 1 and 2, sand and iron corn meal
were 70.1°C, 70.3°C, 91.2°C and 92.7°C.
Sustenance was set in the sunlight based cooker at
9:00hr for morning session and again cooker was
reload at 14:00hr for night cooking session. The
temperature in cooking pot is to be discovered 65°C
at 19:00hr which demonstrates the ability of sun
based cooker to keep sustenance warm till late night
hour moreover. In this area, the relative
examination of different execution parameters are
performed for the cases talked about above which is
recorded in Table 4. This correlation will
accommodating in contrasting the execution of TSU
for indoor morning and night cooking session. From
this correlation, it is inferred that TSU is having
high warming force for night cooking session. Sun
powered cooker comprises of numerous segments
which include its cost. The utilization of sun
powered cooker relies upon its cost adequacy and
payback period. The cost estimation of sun based
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cooker is recorded in Table 5.Payback period is
measure of time taken by sunlight based cookers to
recoup its aggregate cost. It is proportion of
aggregate cost of sunlight based cooker to every day
reserve funds made by sun powered cooker. Sun
powered cookers having expansive payback period
for a given application are monetarily less
achievable. We ascertain payback time of sunlight
based cooker as far as substitution of LPG and
power. Case 1: Payback time of sun oriented cooker
in correlation of LPG Unsubsidized cost of one
LPG barrel is Rs.1200. Normal running time of
1LPG chamber for a group of 4 individuals is 40
days. Cost every day for cooking considering 1LPG
barrel ⁄ . Reserve funds made on utilizing sun based
cooker with TSU rather than LPG is Rs.30. Payback
period = Total cost of sun oriented
cooker/investment funds every day = 8000/30 =
266.66 days = 8.88 months. Case 2: Payback time
of sun oriented cooker in correlation of power
Electricity devoured for cooking nourishment for a
group of 4 individuals in a day = 5kWh. Cost of
1kWh of vitality = Rs.7. Cost of power devoured by
a family (4 individuals) in a solitary day for cooking
= 5 7= Rs.35. Payback period = Total cost of
sunlight based cooker/funds every day = 8000/35 =
228.57 days = 7.61 months. Vulnerability Analysis
The exactness of estimated information got through
exploratory examination is critical which is reliant
on the estimating instrument. Vulnerability
investigation is performed to demonstrate the
degree of precision of exploratory outcomes.
Vulnerability reliant on estimating instrument can't
be evacuated by number of estimations. The
articulation for vulnerability in the deliberate an
incentive by an instrument is given by Beckwith et
al. (4) where compares to the precision of the
instrument and is the most extreme estimated
estimation of parameter by an instrument. The
vulnerability examination of estimated estimations
of parameters are performed and recorded in Table
6.

Conclusion
The accompanying conclusions can be drawn from
the trial contemplate: The sun oriented cooker
furnished with TSU can have the capacity to
perform indoor evening and night cooking.
Completely charged TSU is equipped for cooking
two bunches of sustenance. The warming energy of
sun oriented cooker outfitted with TSU is higher for

night cooking session when contrasted with
morning cooking session. The payback time of sun
powered cooker on substitution of LPG and power
is 8.88 months and 7.61 months separately.
Research ought to be done in growing profoundly
productive half breed sun powered cooking unit so
it could cook sustenance uninterruptedly amid the
total dissemination of vitality from the capacity
unit. These are the likely territories of enthusiasm
on which work can be completed in future for
making the framework more proficient, simple to
deal with, accessible easily and economically
reasonable for every single family unit. In short the
up and coming period is of sustainable power
source assets and sun oriented vitality is one of
them.
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