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Abstract: In this present paper, an experimental investigation has been performed to analyze the thermal performance of a solar
steam cooker in the composite climate. It is a household type solar steam cooker and has performed in the climate condition of
Rajasthan, India. A parabolic type of solar concentrator is used in this setup. It collects the solar radiation and reflected on the bottom
of a black-painted copper cylinder work as an absorber. It is Quarterly filled water this water heats up on a high grows up high-
pressure steam and this steam utilizes in various cooking applications. In this paper, an experimental setup testing and reporting solar
Steam cooker performance. Solar steam energy is used as a solar cooker, but solar cookers are used outside the kitchen while the steam
cooker can be used in the kitchen. In this setup, Steam generates high temperatures and high pressure into the absorber (copper
cylinder) and supplies by the insulated copper tube and throws the cooking vessel. Steam is used for cooking. In this paper, a portable
solar steam cooker and different cooking applications like boiling potato, cooking rice, idle, etc. As per American standard, Per
standardized Minimum temperature difference of 50 °C between ambient air and cooking vessel water temperatures and steam
temperature 100 °C for a parabolic-type cooker. This setup achieved 256 °C May and June days. So the author intends to study solar
cooking because in India sun is available nearly 8 to 11 hours/day though all year and can achieve 300°C t0750°C by the parabolic type
solar concentrator.

Keywords: Solar energy, parabolic dish, solar cooker, solar steam cooker, non-renewable energy, composite climate, and copper cylinder

1. Introduction non- renewable energy resources include coal, natural gas,

In the current scenario, our world comes this situation that
our energy sources are almost empty another word it says
that nowadays non-renewable energy available is a low
quantity so it’s are gait to use renewable energy source so
we use different types of renewable source like wind, solar,
water (hydro), biomass and geothermal. If we didn’t find a
better alternative process of renewable sources of energy
then there is nothing left for our future generations. Many
types of fossil fuel are non- renewable energy resources.
They are coal, natural gas, oil, and nuclear energy; once
these resources are used up, they can't be replaced, which is
a significant problem for humanity. It is currently dependent
on them to supply most of our energy needs. Hence, they
have a low percentage on this earth [3].

A renewable resource is a natural resource that will replenish
to replace the portion depleted by usage and consumption,
either through natural reproduction or other recurring
processes in a finite amount of time on a human time scale
[4].Energy is an ability to be very active or do a lot of works
without getting tired in other words, it says that energy is the
capacity of doing work. According to the law of
conservation plays a significant role because the utilization
of Non-renewable resources also impacts our environment.
Especially, the usage of fossil fuels supplies air and water
pollution such as carbon dioxide is produced when oil, coal,
and gas combust in power stations, heating systems, and
engines. There are two types of energy i.e. .renewable and
non-renewable energy. Renewable energy sources like wind,
solar, water (hydro), biomass, and geothermal, etc. and the

petroleum oil wood, and nuclear energy [1], etc. In non-
renewable energy sources have limited in its use. Firewood’s
are the primary energy source LPG is another petroleum gas
source but these are limited, these are used our entire world
[2]. It has solar steam energy is used like solar cooker but
solar cooker uses outside the kitchen in filed but steam
cooker is used in the kitchen. Steam supply by the insulated
copper pipe and this steam are used as cooking in this paper
it study a portable solar cooker and use a different cooking
application like boiling potato, cooking rice, idle, etc. [6].
But our intention to study solar cooking because of in India
sun is available nearly 8 to 11 hours/day though all year [5].
Therefore, solar energy should be an alternative energy
source for the present-day due to the low availability of non-
renewable sources of energy. Cooking is the most important
energy-consuming operation at home, in India mostly rural
area housemaid used firewood as fuel but now day LPG is
commonly used in rural and urban areas. LPG and other
energy sources are also using as fuel, but they are in low
quantity we are compared to firewood in the urban region
the firewood is less than as compared to the rural area.[13]
So it's are replacing the traditional Cooking method with
solar energy can be considered. The solar cooker is the best
option to use solar energy for cooking. Solar cooking is an
outdoor kitchen another ward it says that solar cooker is
used on the outdoor field where solar recitation reaches the
amount of heat and solar energy are used where fuel is low
amount firewood and LPG. So solar cooking is often used in
a situation where minimum fuel consumption is important
and this cooking method is safe no types of danger or
accidental fire is high, health and safe environmental
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pollution and it is an alternative service.[9]present-day non-
renewable energy available low quantity, so it has to use
renewable energy i.e. renewable energy are available free of
cost because they are available different types of source in
this earth like wind, solar, water (hydro), biomass and
geothermal, etc. solar and wind are. Cheaper no cost but
solar energy is available in more than enough Amount in the
surrounding area free of cost. So, that it can use solar energy
as a better option for renewable energy sources. Cooking is
the most important energy-consuming operation at home, in
India mostly rural area housemaid used firewood as fuel but
now day LPG is commonly used in rural and urban areas. ,
LPG and other energy sources are also using as fuel, but
they are in low quantity it is compared to firewood in the
urban region the firewood is less than as compared to the
rural area. So it is replacing the traditional Cooking method
with solar energy that can be considered. [10]The solar
cooker is the best option to use solar energy for cooking.
The solar cooker is an outdoor kitchen another word it says
that solar cooker is used on the outdoor field but this paper
study a portable steam cooker it is applicable into the
kitchen .it knows that solar recitation reaches the amount of
heat and solar energy is used as fuel. So solar cooking is
often used in situations where minimal fuel consumption is
important and this cooking method is safe no types of
danger or accidental fire it is high, healthy, and safe
environmental pollution and it is an alternative service. This
paper provides a better understanding of solar steam cookers
i.e. this steam cooker like a parabolic dish type steam
cooker. Cooking solar energy is simple, safe, and convenient
without consuming fuel and polluting the environment [5]

2. Research Objective

This experimental setup mainly uses from a composite
climate in India. To provide useful feedback on the
experiences of using large scale institutional solar steam
cooking systems. It is proved the indoor cooking by solar
energy. It has a better future for cooking in rural areas. In
this setup assessed the performance of household type solar
cookers. In this paper increase and Standardized cooking
power and all measurement of performance are reported

3. Development of Experimental Setup

Solar steam cooker comprises the technology that converts
heat concentrated from the parabolic thermal collector at an
optical focal point utilized into heating the water inside the
copper cylindrical tank kept at the focus, wherein all
radiations are absorbed. Copper is an eminent component
into solar thermal heating systems used and this thermal
heating system boil water into the copper cylinder and this
boiling water generates high-pressure steam this steam is
applicable in the cooking system. This thermal heating
system is complete two circuit primary circuits of solar
collector circuit like solar heat collector and the secondary
circuit is a steam cooker like a heat exchanger.

It comprises of following components in the making:

o Frame of parabola shape.
o Structural frame to support the parabola.

Reflector sheet.

Concentrator (Copper cylinder as boiler).
Copper pipes.

Flexible pipes.

Tracking system

4. Operating Principle

Technically this parabolic dish help to reflected sunlight at a
focal point the dish made by acrylic mirror sheet reflectivity
approx. 90% and this focal point set on the copper cylinder
(receiver) bottom this point connecter a black body. Copper
cylinder ¥4 bottom area painted black paint and upper area
are insulated by glass wool, aluminum foil paper, and taps
this concentrator copper cylinder work like a boiler. A plane
mirror is used in a box-type solar cooker. But Concave
mirrors are the best mirrorsto use in these cookers.[11]
because they are the only types of mirrors that reflect
sunlight in towards a single focal point another word we say
that a mirror surface has high reflectivity is used to
concentrate light coming from sun on a small receiver area
this cylinder ¥ filled water and this label maintains by the
sump tank and top of the cylinder insulated copper tube and
a pressure gauge connected this tube also connected by the
steam cooker with controlling tab and the dish also
automatically tracking by Wiper motor is very potency
motor to be used in the experimental setup. The framework
of the motor is tailored with a devious shaft that drives the
oscillating mechanism through nylon gear. [15] typically
design to achieve temperature 600 to 4500 C on sunny day
Sunlight concentrates on focal point on the bottom black
surface of the cylinder temperature increase and approx.
4500C after 5 to 10 minutes water is boil and steam is
generated this steam pressure control by the tab and softy
valve and this steam utilize for cooking[14]

5. Observation

It’s completed fabrication and installation work in the entire
setup. After it, the dish was positioned in the south-facing at
the angle of 260. Then starts the system and it starts the
readings under the weather conditions. The thermocouple
was attached at the bottom of the cylinder for the calculation
of the outer surface temperature and another thermocouple is
placed to take the reading of the water tank. And another
thermocouple place into the steam cooker also a pressure
gauge placed on the top of the cylinder to read the steam
pressure all the readings are taken on May-June clear days
on the top floor of the ISBM building in the energy lab of
Suresh GyanVihar University, Jaipur. Some of the day’s
better performance is shown in blow tables and graphs.
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6. Figures 6.1 Specifications of Experimental Setup

Table 1: Specification of experimental setup

So—— S.No. Componeats Specifications
Feca wazer tune v T | Parabolic concentratmg collector | Major Axis — 2a = /0.80 Inch
PR, o el e S e Focal Point - 27.16 Inch
e woreusren N g ; T Tu oylmder Userl Vokame She
Paranotic diin conosmrstor l Jomamety Water Volume 3Litre
y-— 3. Tnirared themmometer Range ~100°C 10 400°C
: 3. Ceneral thermometer U°C to JO°C
J. ‘Thermocouple K type Range U0°C To 600C
0. Staam cooker 5 Laer
Senring tinds T. Copper tabe VT &0 mm Dia
M 8. No of Retlector Sheat 12 preces
- 2 Shest Angle T
raccing|
ﬁ 6.2 Reading of Solar Parabolic Dish Type Solar Cooker
s Day 1
Figure 1: Parabolic Dish Type Solar Steam Cooker Table 2: Reading of Solar Parabolic Dish Type Solar Cooker
Day 1
South Facing-26° Humidity 16%
Tim Global S gllli.rd" Water in- | Steam
l)a_\'wf Radiation ;::;sp(::r)k (SS:;l Surface | cylinder pressure
(Hrs) | (wm?) {:&F Temp. (°C) | (psi)
10:00 | 545 329 135 | 1152 786 0.02
10:30 | 620 349 341 | 1813 | 1389 0.72
11:00 | 785 396 252 | 1904 | 1563 122
11:30 | 500 311 323 | 2156 | 1627 146
12:00 | §30 423 142 |2299 | 2077 169
2:30 | 910 439 360 | 2326 |2142 216
13:00 | 840 431 437 | 2433 | 2253 233
13:30 | 800 423 381 | 2423 | 2316 242
13:00 | 720 376 3.12 | 245 2372 231
1430 | 530 358 531 | 2216 | 1909 172
15:00 | 350 343 457 | 1833 | 1843 153
15:30_| 220 334 332 | 1468 | 1393 55
16:00 | 200 333 465 | 1306 | 1282 13

6.3 Reading of Solar Parabolic Dish Type Solar Cooker
Day 2
Table 2: Reading of Solar Parabolic Dish Type Solar Cooker

Day 2
South Facing-26° Humidity 14%
Ti .. | Cylinder A
imeof | Global |Atmospheric| Wind Ol Waterin- | Steam
Day Rn_iillzin Temp, (mis) | Surface cylinder pressure
@rs) | (W) |¢O) Temp(ic)| TemP-CC) | (05D
10:00 | 750 339 321 [ 1402 1196 004
1030 | 780 362 265 | 1614 1309 089
1100 | 850 396 286 | 1904 123 142
- 11:30 870 422 169 | 2056 1927 147
P 12:00 1833 419 187 [2199 1977 189
s = 12:30 | 850 439 198 | 2256 2142 226
—p " = / v 13:00 | 860 433 247 | 2333 2293 233
P : 42 2 2324 224, 23.
Figure 3: Copper Cylinder (Boiler) TR — w1
1430 | 700 359 454 [ 1816 1709 192
15:00 ]340 342 343 [ 1633 1543 10.7
15:30 ]300 347 229 1468 1393 08.7
16:00 | 350 356 200 | 1326 1182 026
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6.4 Reading of Solar Parabolic Dish Type Solar Cooker
Day 3

6.7 Reading of Solar Parabolic Dish Type Solar Cooker
Day 6

Table 3: Reading of Solar Parabolic Dish Type Solar Cooker |_South Facing-26° Humidity 16%
Day 3 Time of | Global Atmospheri | Wind | Cylinder Water in- | Steam
e Day Radiation | ¢ Temp. °C | Speed | Outer Surface | cylinder pressure
South Facing-26° : _ it 1% @) | (W) |) (ws) | TempeC) | Temp.CC)| )
Timeof | Global |Atmospheric | it | Cylinder |Waterin-| o, 1000 | 605 309 310|992 557 00
. e W Outer cylinde:

(HD" ) f“‘f’,:g;' Temp.CC) | @) | Surface | Temp. s 630 |70 |330 W | 156 T 5

= Temp(C)| (C) e | 190 328 350 | 1509 1363 12
10:00 | 625 339 163 1198 1114 09 1130 350 361 300 1855 157 138

- 7 2

1030 119 332 &% |18 189 949 1200|935 06 235 | 2195 079 181
11-:00 | 830 374 336 | 1904 1693 123 A _
1130 | 890 109 158 | 2258|2123 |12 ezl s b sl Lo [
12:00 | 875 2.1 139 | 2399 2278 | 212 1300|820 FER) 179 | 2433 7359 pTE]
12:30 | 700 423 268 | 2426 2342 228 1330 | 740 313 3234 | 2524 31 18
‘::gg :ig ‘i-‘ ;‘;’ ;:31 iif; i';f W [0 [34] 6% |23 PE75 B B 5
13 373 7 24 7 2 : > el 2 : —
19:00 830 366 387|252 |2018 ] 201 ol s s ol el s[4
1430 | 710 337 383 | 1712 1609 | 192 15:00 | 300 323 465 | 1383 1843 143
500 1600 393 397 11333 T BV 1530 |30 EEL) 515|138 1155 058
15-30 610 37. 629 1268 1193 048 16:00 490 334 442 1205 1002 019
16:00 | 470 358 627 | 1106 982 04 Table No.7 Reading of Solar Pasabob Dish Type solar cocker Day §

6.5 Reading of Solar Parabolic Dish Type Solar Cooker
Day 4

South Facing-26° Humidity 17%
Timeof | Global | Ammospheri :": o‘”-":“’" Water n | Sam
Day Ra_dhl.iol ¢ Temp. (°C mh) | Surface cylinder pressure
@En) | (Wm2) |) TempC)| TP CC) | (95D
1000 | %85 97 195 |98 856 003
1030 | 860 328 261 | 1514 1192 0872
1100 | 820 356 196 | 1804 1663 1323
1130 | 890 09 331 | 2158 2039 206
1200 | 895 3 345 | 2394 2277 212
1230 | 910 59 22 | 2526 3342 46
13:00 | 900 Ty T00 | 2439 7350 743
1530 | 840 (VX 216 | 2126 10 170
1500 | 160 382 324 | 2052 1932 141
1330 | 610 368 532 | 1816 1798 122
1500 | 548 351 78 | 1933 1343 103
1530 | 640 354 618 | 1161 1183 067
1600 | 390 343 6§31 |17 912 06

TableNo 5 Reading of Solar Parabobc Dish Type solar cooker Day 4

6.8 Reading of Solar Parabolic Dish Type Solar Cooker

Day 7
South Facing-26° Humidity 18%

Time of | Global | Atmmospheri | Wisd | Cylinder | Water in- | Steam
Day Radiation | ¢ Temp. (°C | Speed | Outer Surface | cxlinder | pressure

[(Hrs) | (Wm') |) (w's) | Temp(C) | Temp.(C)

10:00 865 332 250 | 1202 1018 002
10:30 95 337 LR 1974 1571 065
11:00 830 372 131 | 2014 1993 2
11:30 §70 401 217 | 2326 205.1 177
12:00 865 a7 34 | Ml 73 19
12:30 940 451 275 2928 2442 41
13:00 880 36 110 | 2533 2451 243
13:30 850 a8 235 |2129 1817 54
14:00 T 388 360 | 1955 1533 179
1450 720 348 455 | 1616 1302 109
15:00 640 337 473 | 1357 1205 067
15:30 550 324 465 | 1291 1193 023
16,00 360 3s 21 |90 26 00.5

TableNo.8 Readmg of Solar Parabobe Dich Type solar cookes Day 7

6.9 Reading of Solar Parabolic Dish Type Solar Cooker

6.6 Reading of Solar Parabolic Dish Type Solar Cooker  Day 8
Day 5 South Facing-26* Humidity 21%
South Facing-26' Humidity 16% Tine of | Global | Atmospher | Wi | CylinderOuter | Water - | Steam
Time of | Global | Atmospheri | Wind | Cylinder Water in- | Steam Day | Raduation |c  Temp, Speed | Surface Temp | cybnder | pressuse
Day | Radiation | ¢ Temp. (°C | Speed | Outer Surface | cylinder | pressure (Hs) | (Wm') |(C) @) | ¢c) Temp.(°C) | (p5)
Hrs) | (Wmd) |) (m's) | Temp(°C) | Temp.(°C)! (psi) 1000 | 530 356 215 | 856 632 002
10:00 | 535 311 473|882 656 002 1030 | 633 302 221 | 1053 951 004
1030 | 640 EEN 364 1219 %99 005 11:00 |10 35 186 | 1354 1317 ()
11:00 | 780 356 245 | 2204 1893 0738 1130 | 748 361 194 | 2136 1981 162
1130 | 810 361 217 | 2376 017 142 1200 | 770 399 231 [2358 2156 22
R 73 5T 1359 T s 1230 | 815 21 175 | 2454 2256 39
5% 9 e L = =TT 1300 | 865 29 147 | 2459 1309 243
58 s sl Bststien e 2 1330 | 810 33 285 | 2206 2162 182
1330 | 8% 423 215 | 2539 1416 29 1930 | 720 382 368 | 1727 1398 101
Wo. (390 Ll 21 | 21259 159 |8 500 |60 |31 357 [ 1952 3 %3
14:30 | 760 362 34111817 1706 147 1530 | 420 344 147 [ 1533 1133 038
15:00 | 620 T 367 | 1913 1543 119 1600 | 310 339 330 | 1103 593 004
1530 | 580 322 241 | 1862 1396 0938 Table No 9 Reading of Solar Parabolic Dish Type solar cockerDay 8

1600 | 510 321 231 | 1604 1212 029

TableNo 6 Reading of Solar Parabobc Dish Tvpe solar cooker Day §
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6.10 Overall Graph of the Different Parameters for Day
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6.13 Overall Graph of the Different Parameters for Day
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6.16 Overall Graph of the Different Parameters for Day 5 |
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7. Results and Discussion

This paper deals with the results in the form of graphs as
shown in figures 5-11. The graphs are obtained by the
experimental work on the parabolic dish in a ray
concentrator by using the water as working on the steam
cooker. This paper mainly deals in, the increasing or
decreasing in solar radiation, the whole day increasing, and
decreasing the temperature is been recorded. On this setup
are all design and fabrication pare meters that are a
consideration with the climate condition of Rajasthan Jaipur.
All fabrication work on the side. All measuring equipment is
calibrated .so it found all data are almost corrected. When it
runs the setup found good results. Calculated in the
following results then find the annual amount of steam
generated is estimated to vary between 150 and 540 kg per
m2 area of concentrator parabolic dish. The above results
discuss in May-June Month. It achieved more than 2bar
steam pressure and 2560C temperature With the Portable
parabolic dish type solar steam cookers in the composite
climate

In these graphs, the orange line shows the steam pressure
(psi) and on the blue line shows the global radiation in
(WI/m2), and at the bottom side of the graph shows the time.

In this Paper all work on an experiment and find some good
results. In Rajasthan (India) Sun is Inclined at 260C to 270C
and the maximum area is a dessert so the temperature is
more than 450C in summer and global radiation is reaching
more than 1000 W/m2. Their climate is the heating zone.
Then the solar energy is available in large quantities. So this
setup is performance is good and it achieves more than
2560C temperature and 2 bar Pressure for cooking purposes.
When it uses Nano-fluid the steam temperature is high so
the pressure is also high but it is no used for cooking.
Because Nano-fluid (ALO3) is pollutant content. So it is
using other applications.

Boiling Preparation of
Pulses (Dal)

Stew (Sambhar)
Kidney beans
Vegetables

Milk

Tea
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Steaming Preparation of
o Idle

e Rice

e Misc.

e Hot Water for Cleaning.

8. Conclusion

In this paper, the study of a portable parabolic dish type
solar steam cooker for domestic use has been done. Also, an
explanation has given about the working and construction of
a portable parabolic dish type solar steam cooker and its
advantages and disadvantages. There are many aspects of
solar Steam cooker require development and that should be
subject for working in the future. But steam Cookers are not
working at night but by using thermal storage will be
possible in future

9. Future Scope

In the Future this setup is used as thermal storage and
Domestic type Steam power Generation. It is increasing
water Temperature to use Nano-fluid particles. It increases
the latent heat of water with the help of Nano-fluid. This
setup is used as a domestic type of solar steam power plant
high-pressure steam is heat up with the help of an external
source of heat. It increases the supersaturated point and
throws the turbine blade and generates power. These setups
are moderated and generate the steam various form and
utilize many kinds of steam applications in future scope.
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