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ABSTRACT

The study is about developing and evaluating the performance of natural convection mode
of solar dryer by the application of indirect solar energy to dry a durian tree wood. The
main idea for the study is to come with the alternative replacement of the old method of
open sun drying system with the one that offer low capital cost, less time required for
drying, secured and more efficient in term of performance. Previously researcher has
identified several parameter that affect the performance of the solar dryer mainly based on
the design, load, absorber, chimney and location of the study that affect weather condition.
Apart from that, from the evaluation of performance of the solar dryer show that it is
capable for the solar air collector to reach efficiency of 4.72 when the average te e rature
of  C is recorded based on the calculation. While, the time required for a thin layer of
durian tree wood to dry using open sun drying is approximately four hours compared to
only 2 hours and 20 minute when using designated solar dryer. Result for the simulation of
solar dryer using both ANSYS and TRNSYS software is showing that the expected
temperature for the ideal condition of solar dryer while the economical analysis on solar
dryer gave the payback period of 22 days and ROI of 41.6 %. The validation of the result is
made by comparing the maximum, minimum and the average temperature obtain from
simulation using software and the experiment which proves that the experimental results

are being verified despite a small reasonable difference.
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ABSTRAK

Kajian ini adalah untuk membina dan menilai prestasi pengering solar dalam mod
perolakan semulajadi dengan menggunakan tenaga solar secara tidak langsung untuk
mengeringkan kayu pokok durian. Idea utama kajian ini adalah untuk mencadangkan
penggantian kaedah lama iaitu sistem pengeringan matahari terbuka dengan kaedah yang
menawarkan modal yang rendah, singkat masa pengeringan, lebih selamat dan cekap dari
segi prestasi. Sebelum ini penyelidik telah mengenal pasti beberapa faktor yang memberi
kesan kepada prestasi pengering solar terutamanya berdasarkan reka bentuk, beban,
penyerap, cerobong dan lokasi kajian yang memberi kesan kepada keadaan cuaca. Selain
itu, dari penilaian prestasi pengering solar menunjukkan yang ia mampu mencapai
kecekapan 4.72 aa il a suhu urata C direkodkan berdasarkan pengiraan. Walaupun,
masa yang diperlukan untuk lapisan nipis kayu pokok durian kering menggunakan terbuka
pengeringan matahari adalah lebih kurang empat jam berbanding hanya 2 jam dan 20 minit
apabila menggunakan pengering solar. Keputusan untuk simulasi pengering solar
menggunakan kedua-dua periasian ANSYS dan TRNSYS menunjukkan jangkaan suhu
untuk keadaan yang ideal bagi pengering solar, manakala analisis ekonomi pada pengering
solar memberi tempoh bayar balik selama 22 hari dan ROI sebanyak 41.6%. Pengesahan
keputusan kajian telah dilakukan dengan membandingkan maksimum, minimum dan suhu
purata yang didapati daripada simulasi menggunakan perisian dan eksperimen di mana ia
membuktikan bahawa keputusan eksperimen dapat disahkan walaupun terdapat perbezaan

kecil yang munasabah.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

Different types of solar dryer have been designed, developed and tested in the different
region (Bala et al., 2012). Two major categories of the dryers are natural convection and force
convection type of solar dryer. For natural convection solar dryers, the airflow is established
by buoyancy induced airflow while for forced convection solar dryers the airflow is provided
by using fan operated either by electricity or fossil fuel. Although open sun drying of the
agricultural products on concrete floor is consider as cheap and moderately successful being
employed specifically for this case study specimen which is durian tree wood. Even though,
the open sun drying is the simplest and cheapest method available however, in the mean time

the solar radiation and climatic condition are something beyond control by nature.

The aim of drying is to remove moisture from the agricultural product so that it can be
processed safely to any end product desired. Moreover, wood drying is one of the step wood
treatments with the intention of preventing its destruction by wood-decaying organisms. As a
matter of fact, with the appropriate preservative it will somehow increases the service life of
wood-based product along with their aesthetic qualities and in the mean time helps to

conserve our nation's timber resources from going to waste. Thus, by providing a sheltered



drying compartment or chamber in which the agricultural product to be dried are stored.
Subsequently, a stream of air is heated by solar energy to reduce its relative humidity which is
then passed over durian tree wood. This form of solar drying approach were expected to
improve the quality of the crop to be dried, reduce contamination and speed up drying process

thus, achieve better quality control and reduction in time taken for drying.

It is inappropriate dryer design due to the choice of construction materials and
inadequate understanding of the operation of solar dryers and lack of design procedures
contribute to poor performance of natural convection type of solar dryer (Komolafe et al.,
2011). Designs of natural flow dryers require an understanding of overall operation of dryer
such as the interaction between it component and their influence of operating parameter on its

performance.



1.2 Problem Statement

Deterioration of wood are the effects from the hot and humid weather in Malaysia in
addition to other factors such as fungi and other insect for example termites and carpenter ant
that may deteriorate the wood and cause might reduce wood service life (Highley, 1999). This
common threat from the fungi digesting cellulose and other component of wood for food thus
result with soft and crumbly wood that low in strength. Since the favourable condition of
fungi spreading is temperature between 20 to 35° C, moisture content of wood over 20%,
presence of oxygen and cellulose thus make all wood are vulnerable to this threat. Any of the
condition describe need to be eliminated so that the decay fungi cannot grow and the wood is

protected from decaying (Hoffman et al., 2016).

In this case study the approach taken are to eliminate two of the optimum condition of
fungi growth which is rising the temperature above the range that favourable for fungi to
growth and remove the moisture content to be in between 6-10 % which is below than 20 %
since fungi need sufficient moisture to decay wood. Thus, drying process of wood is essential
before proceeding with next step of wood treatment before the end wood-based product to be
developed since excess moisture content prevent uniform penetration for wood preservatives

and retention.

Drying of agricultural products via method of open-sun drying is still widely applied
and in this case study they are spread on concrete floor until sufficiently dried so that they can
be stored safely. However, there are several problems related with open sun drying
specifically for this case study such as it requires both large amount of space and long drying

time in the mean time the crop is susceptible to re-absorption of moisture if it is left on the



floor during periods of no sun, there is no control on the drying process. This could lead to
slow drying rate, contamination and poor quality of dried products thus, loss in production. In
addition, the natural phenomenon such as the sudden rain and when it comes to rainy season it

will interrupt the production of the factory itself.

Figure 1.1: Open Sun Drying of Durian Tree Wood

This project will be work on based on the need of its reliability and economically. In
addition, the perspective is to design and construct an indirect natural convection mode solar
dryer using the specimen as being stated and to evaluate the performance of this solar dryer.
Materials can be dried in mass compared to traditional method of open sun drying while
laying the agricultural product on the open space. It is undeniable that with the
implementation of solar dryer more agricultural product can be dry same time since space

needed for drying has been reduced.



1.3 Objective

In general, the objective of this case study is to design and run a computer simulation
of the optimum low cost natural convection solar dryer and to evaluate its performance. It is
also aim for developing a low cost natural convection solar dryer in which the specimen of
durian tree wood are dried simultaneously by both direct radiation through the wall of the
drying chamber itself and by the heated air from the transparent solar collector. Other

objectives of the study are:

1) To study the time required to dry a thin layer of Durian tree wood.

2) To design a low cost natural convection solar dryer to dry Durian tree wood.

3) To fabricate and test the solar dryer at the factory.



1.4 Scope and Limitation

This project will focus on the act of designing and evaluating the performance of low
cost natural convection solar dryer. It will consist of properly considering every factor that
might improve the performance of solar dryer for the application of drying the durian tree
wood with consideration of Malaysia’s climate generally and Ayer keroh, Melaka specifically.
Along the case study, several designs of solar dryer will be tested by implementing a
simulation to obtain information such as the heat flux that able to be supplied by different
design of solar dryer. The most optimum design of solar dryer will be fabricated and their
performance in term of drying the specimen of durian tree wood will be evaluated. The thin
layer of wood from the durian’s tree is the only specimen of wood that will be tested using the
solar dryer. It is to control the parameter such as the moisture content which might be differs

from wood species to another.

The fluctuation of averaged solar insolations as in the data retrieved and seasonal
doing with geographical dependence are the major challenges in identifying suitable
application using solar energy as the heat source. Exploring high efficiency solar energy
concentration technology is necessary and realistic. By nature, solar energy is intermittent
since there is no sun at night and when cloudy day. The intensity of the sun can be seasonal
and is dependent on the meteorological conditions of the location. Unreliability is the biggest

retarding factor for extensive solar energy utilization.



1.5 Significance of Research

Nature had provided us with abundant of resources to be use in a wise way to benefit
daily work or activity without harming the environment in return. The study in the field of
solar thermal specifically in the field of solar drying still had some room for improvement. In
Malaysia with weather condition of hot and humid throughout the year it had a potential for
development of high efficiency solar dryer. Manipulating the abundant energy from the sun
for the purpose of drying with less cost involve for constructing is somehow favorable.

It is not that open sun drying method contributing to unhealthy emission or harming
the environment but it is much more pleasant to implement and manipulating clean energy
sources such as the energy from the sun to help with daily working condition. If industry
applying the concept implement in this case study provided with several alteration to suite
accordingly to their weather data and location they might be able to speed up the drying
process by saving more space and increasing the number of agricultural product to be dried

comparing to only relying on open sun drying.

In term of economic, the development of natural convection mode of solar dryer for
this case study aiming to be low cost and performed as nearly efficient as other costly solar
dryer available in market. Besides that, the research study will provide information on the
issues of implementing the free energy resources to the fullest to replace traditional method of

open sun drying with low cost possible.

In addition, this study would also review on the previous research conducted under the
same field with variety of general idea from different part of the world having geographical

and meteorology differences. Furthermore, this study would be beneficial to the industry and





