COMPUTATIONAL FLUID DYNAMICS (CFD) SIMULATION OF
TRIPLE EXPOSURE SOLAR OVEN
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ABSTRACT

This study presents the simulation study on triple exposure of solar oven, which inspired on design features from common solar oven that has been used widely by some places in this world. Some
deficient in renewable energy is contributed on this study to find a new solution to maximize utilization of renewable energy in our daily life. The objective of this project is to determine the
distribution of temperature air inside of solar oven for a period of time. This triple exposure represent that the glass oven have three surfaces to be exposed on solar radiation. The simulation is
conducted using Computational Fluid Dynamic (CFD) software, CD ADAPCO STAR-CCM+. The duration time of the solar oven exposed to the solar radiation is due to the total normal daylight time
which estimated from 8 am to 6 pm. Therefore, the CFD simulation is simulate by each an hour from the total hour was exposed to the solar radiation. In order to validate the CFD results, theoretical
analysis of triple exposure solar oven was calculated to obtain the result. The results show that the distribution of temperature air inside of triple exposure solar oven by CFD shows a fairly good
agreement with the theoretical results. The results obtained will be useful as additional database on the study of triple exposure solar oven.

INTRODUCTION

Nowadays, variety option of renewable energy is available to be used by human. The solar thermal energy is the most
abundant energy either in an indirect forms or direct forms to supply it. The sun is emits energy in a rate of 3.8 x1022 kW,
of which, approximately 1.8 x 10'* kW is intercepted by the earth. About 60% of this amount or 1.08 x 10%* reaches the
surface of the earth. The amount of that energy is become a renewable energy which is one of the popular subjects of
researches to be explored very well. Many of the researchers have made a research towards solar technology
developments. This research is focusing on the development of the triple exposure solar oven which having three glasses
oven surfaces to be exposed by solar radiation. The performance and temperature distribution of solar oven is extensively
Investigated with the suitability of Malaysia climate (Shah Alam).

OBJECTIVE SCOPE

* To determine the maximum temperature gain by triple | The solar_ove_n IS a *?O_X type s_olar oven. :
exposure solar oven using CFD software I1. The location is specified at UiTM Shah Alam which

 To compare the analysis of simulation results with the Is the coordmatf_e ISE10130,N304 |
theoretical results and experimental results I11. The solar oven is exposed to solar radiation during

« To investigate the different volume averaged temperature total normal daylight time only (8am-6pm)
between sunny season and cloudy season in solar oven. V. The CFD simulation is to determine the temperature

distribution of air inside triple exposure solar oven.

METHODOLGY

Preliminary study: Involve in gathering the information of the project.

Searching related journal, article, books in a field of heat transfer (solar

oven). Determine the objective, and scope of the project with

supervisor. Planning the route to achieve the objective of research.

Project Execution: Starts by gathering the physical information of

solar oven to be developed. Theoretical analysis is execute to determine

the temperature distribution of air inside solar oven by thermal AT equation (1)

. - . Qeona =—KA— 77
resistance method. The CFD simulation is started by modeling 3-D

model. At this stage, the model will be simulated by each day which is Qoonw = hAs(T: —T) SUEWE)
solar oven exposed to the solar radiation at normal daylight time. This :
Qrad = =04, {T: — T‘:.m.,} ------- equation (3)
simulation also are run for different of days There are essentially three

stages in STAR-CCM+ simulation process: meshing, simulation and Raq = Ruur.l +Raut.E+Ri.n+ E(R stmi) +2(Rgﬁm)
analysis.

Analysis of the Results: This stage will be analyzed and discuss all the Rﬂ-q — Rﬂunl + Ruut.! + R,‘,ﬂ + Rgl:u:s + Rgi-rus
results obtain from the CFD simulation. The analyses are including the

temperature distribution of air inside triple exposure solar oven and the R-ﬂq — Rﬂu!; i + RWE.E + Rm + Rm!-'rrnr + Rgi-tm
comparison between the simulation and theoretical results. Then, the

conclusions and recommendation are made for this research and

compile it in a thesis report.

SIMULATION RESULTS

10.00 am 2.00 pm

Temperdture (C) (®)

T Temperatur
)A v 48.813 49.759 50. 70;5/ 51.650 52,596 53,5642 /(J v

T Temperature (g)
7. 187 69.121 71.056 72,990 74,924 76.858 42,829 43,657 44,285 45012 45,740 46.468

Temperature distribution of steel Temperature distribution solar oven

¥ Temperature (g)
68.710 32.000 40,972 49.943 5891

7

68.359 5 67.887 76.858

T aemp
)A .58 : 68.009
Y

ANALYSIS

COMPARISON OF TEMPERATURE RESULTS BY
DAYS

Temperature vs Time
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Temperature Air Inside, T vs Time
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* In the dry (wet) season solar radiation and sunshine duration
Increase (decrease) to their highest (lowest) degree.

* The triple exposure solar oven can rise up more than 30 °C
above ambient temperature.

 The different of distribution of temperature between the sunny

season and cloudy or rainfall season are around 10 -C to 15 °C.

CONCLUSIONS

As a conclusion, the CFD simulation of triple exposure
solar oven is successful to determine the maximum
temperature of air inside (70.9 °C) by this type of solar
oven at Shah Alam climate The simulation results are
proved and fairly good agreement with the theoretical
results for different days which is sunny season and
cloudy season due to the average of percentage error is
below than 10%. Irradiance and ambient temperature of
solar oven are important factor to determine the

temperature of air inside of solar oven.
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