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ABSTRACT

Car is commonly parked under exposure of sunlight directly. Increasing of air temperature
in cabin vigorously due to heat trapped and transferred within the cabin causes thermal
uncomfortable, heat stroke, and deformation of material within cabin. Therefore, a cooling
device for car park under sunlight exposure is designed following engineering design process.
Method of temperature reduction selected is the combination system of ventilation and
thermoelectric Peltier cooling module. Prototype is fabricated to test the method selected
and experiment is conducted from 11am to 3pm at same day and same venue by using three
similar cars without tinted in three conditions: fully sealed cabin, cabin with prototype, cabin
with single window gap of 4cm opened. Result showed that cabin with prototype has lowest
average air temperature in cabin (41.25 °C), then cabin with single window gap opened
(50.45 °C) and fully sealed cabin showed highest average air temperature in cabin (54.75
°C). The objective of this research is achieved with average air temperature reduction of fully
sealed cabin that is 13.5 °C (24.66%) and cabin with window gap opened which is 9.2 °C
(18.24%) when compared to the average temperature of cabin with prototype. Peltier
module’s cooling efficiency is 25.21% and 21.74% when compared to fully sealed cabin and
cabin with window gap opened respectively.



ABSTRAK

Kereta sentiasa dijemur bawah matahari semasa diletakkan di parkir yang tidak
berbumbung. Kepanasan yang terperangkap di dalam kereta akan menyebabkan
ketidakselesaan, kematian, dan kerosakan komponen dalam kereta. Oleh sedemikian,
sebuah penyaman udara untuk kereta yang diletakkan di parkir tidak berbumbung telah
direkabentuk mengikut proses rekabentuk kejuruteraan. Cara yang terpilih untuk
mengurangkan suhu di dalam kereta merupakan kombinasi sistem pengudaraan dan
kepingan Peltier. Sebuah prototaip dibina bagi mengkaji rekabentuk yang dicadangkan.
Ujikaji dijalankan dari pukul 11 pagi hingga 3 petang pada hari dan tempat yang sama
dengan menggunakan tiga kereta yang serupa dengan tingkap tidak berwarna dalam tiga
keadaan iaitu kabin bertutup penuh, kabin dengan prototaip, dan kabin dengan satu tingkap
terbuka sedikit dengan jarak 4cm. Keputusan menunjukkan kabin dengan prototaip
mengalami purata suhu terendah (41.25 °C), kabin dengan satu tingkap terbuka sedikit
mengalami purata suhu 50.45 °C, manakala kabin bertutup penuh mengalami purata suhu
tertinggi (54.75 °C). Suhu purata yang dikurangkan sebanyak 13.5 °C (24.66%) dan 9.2 °C
(18.24%) berbanding kabin tingkap bertutup penuh dan kabin dengan satu tingkap terbuka
sedikit. Kecekapan kepingan Peltier merupakan 25.21% dan 21.74% berbanding kabin
tingkap bertutup penuh dan kabin dengan satu tingkap terbuka sedikit.
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CHAPTER 1

INTRODUCTION

1.0 Introduction
In this section, background regarding to the study is briefly described. The problem
statement is stated and the objective and scopes of this project are listed. General

methodology to conduct the project is briefly explained.

1.1 Background

Nowadays, car is one of the main transportation for human to move from one place
to another. Air conditioner as built in system of car is important for thermal comfort
especially during hot and sunny day (Maan Al-Zareer et al, 2017). The solar radiation from
the direct exposure of sunlight caused the increasing of air temperature inside an enclosed
volume or sealed car cabin. Especially for windows and windshield parts that being clear
and transparent allowed the transmission of solar radiation. The solar radiation on the roof
of car transmits heat via convection to the other parts in car cabin. The parts such as
dashboard absorbed heat and then transmit via conduction and convection in the cabin. The
heat trapped inside the sealed car cabin has increased the air temperature inside car cabin
easily (C. Y. Tseng et al, 2014). The increasing of the air temperature has caused the thermal
uncomfortable to human. It also destroys the materials of parts in car cabin and some of the

materials might emit poisonous substances. In order to maintain the thermal comfort of



human, air conditioning system is widely used to regulate and reduce the air temperature
inside of car cabin. Figure below shows the thermal distribution of the car parked under

sunlight.

Figure 1.1: Thermal Distribution of Car Parked Under Sunlight (C. Y. Tseng et al,
2014).

Whilst the car parked statically under sunlight exposure directly without shading is
unable to initiate and maintain the air conditioning system. The air temperature inside car
cabin increased tremendously and heat being trapped until the re-entry of drivers and the
initiation of ventilation and air conditioning system. Immediate cooling requirement needed
more fuel consumption and also promoted the emission of harmful substances. The solar
radiation and the increasing of air temperature inside the car cabin can be described as the
greenhouse effect. The extremely high temperature inside the car has raised some issues such
as the thermal comfort, colour fading and seat upholstery wear and tear, death of children
and animals that unintended left inside the car and so on. The number of children in USA
left unintended in car cabin parked under sunlight and died of heat stroke in 2003 and 2004
was 42 and 35 respectively (Sudhir, Jalal, 2015). It shows the importance of air ventilation

system and reduction of temperature inside car cabin.



In order to reduce the transmission of solar radiation into the car cabin, variety of
external methods such as tinted, sunscreen, sunshade, curtain, car ventilator has been
implemented mostly to the car. The shading is used to prevent the solar radiation as much as
possible. The Road Transport Department Malaysia stated that the visible light transmission
of front windshield is at least 70%, rear and side windows at least 50% (Jabatan
Pengangkutan Jalan Malaysia, 2017). The control of the translucence level makes restriction
to the prevention of solar radiation transmission. The heat transferred via convection and
conduction through the solar radiation onto the roof of cabin still existed even though all

cars’ windows are shaded.

Somehow the window is rolled down to a gap distance for ventilation purpose. The
ventilation system is done by movement of air in and out of the car where hot air escaped to
the surrounding meanwhile ambient air is introduced into the car cabin (Tobias D. et. al,
2017). Subsequently, the air temperature inside of the car cabin can be reduced due to the
ambient air has lower air temperature than the air temperature inside meanwhile increased
the indoor air quality. However, there is no cooling or reduction of temperature inside car
cabin when the ambient air temperature is higher than the air temperature inside. The
ventilation system is not effective enough due to the natural ventilation and small gap

opening available. The window gap opening is limit due to the security issue.

Sometimes, driver and passengers are forced to enter the car cabin that higher in
temperature or forced to wait outside the car and open the door while initiate the air
conditioning system to wait for the cooling of car cabin. As a result of solar radiation to the
car that parked under direct sunlight exposure, it is very important to remove and minimize
the unwanted temperature rise inside the car cabin. Solution is required not only to reduce
the air temperature inside the car cabin anytime but also convenient and secure the car and

passengers.



1.2 Problem Statement

Car is frequently used to be the transportation vehicle that assists human from
moving one place to another. During hot and sunny day, the solar radiation from sunlight
transmitted to the unshaded object is unavoidable. Parking lot inside the building or parking
lot with cover roofis rarely found and does not in demand due to its costly development fees.
Most of the car drivers are forced to park their car at outdoor parking lot. The outdoor parking
lot does not prepare covered place where the entire car parked under direct exposure of
sunlight without any shelter. The heat transmitted to the car and trapped inside the car cabin
has increased the air temperature inside car cabin tremendously. The air temperature inside
car cabin is higher than outside temperature. Driver felt uncomfortable and hot once they
entered into the car parked under the sunlight exposure. They are forced to open windows,
initiated air conditioning system and wait outside the car for cooling of cabin before re-entry
of car. The air conditioning runs at high energy and fuel consumption in order to cool rapidly.
The hotness of the cabin also been found that destroy the materials of the car cabin and even

emit poisonous substances.

(a) (b)

Figure 1.2: (a) Car Parked at Outdoor Exposed under Sunlight Directly (b): The

Indication of Temperature inside Cabin and Outside the Car (Eduard et al, 2016)



1.3

1.4

1.5

Objective

The objective of this project is shown as follow:

1) To design a cooling device for car that parked in hot weather condition.

Scopes

This project is subjected to focus mainly on:

1) Only passenger car type is used to implement the cooling device

2) Reduction of the temperature in cabin of car installed with cooling device

for at least 5 °C compared to car without cooling device

3) Prototype is fabricated to test the function of the method selected

General Methodology

1. Define problem

Problem given according to the topic. Problem details will be inspected via
survey questionnaire. The result of survey questionnaire will be analysed. The
product design specification will be listed. Customer requirements and engineering
characteristics will be generated and grouped into house of quality. The importance
of customer requirements will be given based on the result of survey questionnaire.
Relationships among engineering characteristics and customer requirements will be
rated. The rank of engineering characteristic will be rated for further development of

conceptual design.

2. Gather information



Reviews, journals, articles, internet, consultant, products regarding to the
project will be referred and read through to gather the information. Previous result

will be reviewed as to further understanding and guideline of the topic.

3. Concept generation

Design of functional models will be generated via brainstorming and
creativity. The alternative design of the functional parts will be classified into
morphological chart. Conceptual design will be generated from the combination of

different type of alternative functional parts in morphological chart.

4. Concept selection and evaluation

Weighted decision matrix will be conducted to select the most concern
criteria and to select the most suitable concept of design. The conceptual design
generated will be evaluated based on each of the criteria. The rank of the conceptual
design will be rated to proceed for further development. Redesign and design

modification will be carried out to confirm last design concept.

5. Product architecture

Physical elements will be arranged in blocks to decide the arrangement of the

parts in the assembly of the product.

6. Design configuration

Materials will be selected and the manufacturing process will be decided. The

size and dimension of parts will be generated according to real vehicles dimension.

7. Design parametric
Tolerance of dimension will be set. Design robustness, assembly,

manufacturing will be explained.



8. Detail design

Engineering drawing for every part design will be produced by using software
Catia in real dimension. Assemblies of parts will be produced with material applied.

The drafting of every parts and assembly of product will be generated.

9. Design testing and analysis

The prototype will be fabricated and experiment will be carried out to show

the function of the method selected. Result will be analysed and discussed.

10. Report writing and oral presentation

A report on this study will be written in the end of project. Presentation slides

will be prepared for oral presentation.

‘l' i Conceptual

design

| Concept generation |

!

| Evraluaticon and selection of concept -

1

| Product architecture |

1

Confionmrraticn design Embodiment
design

| Parametric design |

i

| Dietail desizn | -———————

1

| Design testing and analysis |

l

Achiewve objective™ _

ves

no

[ Report and presentation ]

Figure 1.3: Flowchart of Methodology (Ertas and Jones, 1996)
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CHAPTER 2

LITERATURE REVIEW

2.0 Introduction

A literature review is defined as an evaluative report of information found in the
literature related to selected area of study. It did not include the primary sources where all
are secondary sources. All of the literature has been reviewed, evaluated, analysed and
summarized which give theoretical base for the research and help in determine the nature of
research. The literature established gives ideas and knowledge on the research topic selected.
As the problem met is the higher temperature of car cabin when the car is parked under direct
sun exposed without shading, the objective is to resolve this problem by design a cooling
device. Hence, the literature reviewed is regarded more to cooling or method that would

assisted in reduction of temperature. Other related information also reviewed.

2.1 Air conditioning System

Air conditioning system is used to alter and remain the temperature, relative humidity,
the velocity of air flow, and so on inside the car cabin effectively as well as to build better
thermal comfort environment inside the car cabin. The air conditioning system required 70%
of overall train energy and up to 15% of petrol consumption. (Jianghong Wu et al., 2017,
Abbas Z. Kouzani et al, 2011). The usage of air conditioning system depleted battery which
leads to the cruising range reduced up to 33% (Tobias D, 2017). The air conditioning system

is said that energy was used to cool down the vehicles more than to the passengers. The





