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OPTIMUM DISTANCE OF A REFRIGERATOR FROM ROOM WALL FOR
MINIMUM ENERGY CONSUMPTION

By

ABDULLAH MOHAMED ABDULWAHAB

March 2017

Chairman  : Associate Professor Nor Mariah Adam, PhD
Faculty : Engineering

In recent decades, the demand on saving energy and resources has risen to an
important limit, in both the industrial and residential sectors. In Malaysia,
refrigerators-freezers are considered to be among the largest consumers (26.3%) of
residential electricity. The aim of this study was to carry out experimental and
numerical investigations to determine optimum distance between the refrigerator and
room wall for minimum energy consumption. Furthermore, the influence of air
velocity (natural and forced air convection) around the compressor and condenser,
frequency of door openings in residential and commercial cases, and different room
(kitchen) temperatures, on the energy consumption of the refrigerator were
investigated using experimental method. Experiments were carried out on a 150-liter
Single-door refrigerator model iR-133C, manufactured in Malaysia. The influence of
air velocity on the energy consumption of refrigerator was tested in three scenarios
through the experiment. First, as the refrigerator comes from the factory, second by
implementing a ventilation system with fan speed of 0.85 m/s, and third with fan speed
of 1.65 m/s. Door opening was tested for 60 and 120 times/day in residential and
commercial cases respectively through the experiment. In addition, the influence of
room (kitchen) temperatures at 25 and 30 °C were also investigated. Distances
between the back wall of the refrigerator and the room wall (3, 6, 9, 12, and 15 cm)
were applied to the simulation with Malaysian kitchen temperature. The energy
consumption was measured through all experiments using FLUKE 345 power quality
clamp meter. 3D Computational Fluid Dynamic (CFD) geometries were created using
Design Modeler software then, meshed with patch conforming tetrahedral mesh using
ANSYS meshing. The simulation was performed using a commercial CFD code
FLUENT (ANSYS workbench Version 16.1). The results showed an 8°C decrease in
the temperature around compressor compartment within 332.2 Wh/day reduction in
the energy consumption of refrigerator was recorded due to 1.65 m/s air velocity.
Moreover, 28 % increases stated in the OFF compressor cycle time due to 1.65 m/s air
velocity. The results of energy consumption of refrigerator showed 61.2% and 97.1%
increases due to door openings for 60 and 120 times/day in residential and commercial
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scenarios, respectively. In addition, results demonstrated 42 Wh increases in the
energy consumption of refrigerator for each 1°C increase in room (kitchen)
temperature. The numerical results showed that 12 cm is the optimum distance of
refrigerator from room wall for better air flow for the heat that rejected by compressor
and condenser. Good agreement was achieved between the numerical and
experimental results with 4 % of error. In addition, 26.6 Wh/day reduction in the
energy consumption of refrigerator due to place the refrigerator at 12 cm from room
wall.
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KAJIAN EKSPERIMENTAL DAN BERNOMBOR KE ATAS JARAK
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ABDULLAH MOHAMED ABDULWAHAB

Mac 2017

Pengerusi : Profesor Madya Nor Nor Mariah Adam, PhD
Fakulti : Kejuruteraan

Dalam dekad terkini, keperluan untuk menyimpan tenaga dan sumber telah menjadi
semakin penting, dalam kedua-dua sektor industri dan perumahan. Di Malaysia, peti
sejuk- peti pembeku dianggap sebagai pengguna terbesar elektrik di rumah-rumah
(26.3%). Tujuan kajian ini ialah untuk menjalankan kajian eksperimental dan
numerikal untuk menentukan jarak optima di antara peti sejuk dan dinding bilik untuk
penggunaan tenaga minima. Tambahan pula, pengaruh halaju udara (konveksi udara
yang bersifat semulajadi dan dipaksa) di sekeliling pemampat dan kondenser,
frekuensi bukaan pintu dalam kes kediaman dan komersial, dan suhu bilik (dapur)
yang berbeza, ke atas penggunaan tenaga peti sejuk dikaji menggunakan metod
eksperimen. Eksperimen dijalankan ke atas satu peti sejuk model iR-133C, 150-liter
yang dikilang di Malaysia. Pengaruh halaju udara ke atas penggunaan tenaga peti
sejuk diuji dalam tiga senario melalui eksperimen. Pertama, oleh kerana peti sejuk
datang dari kilang, kedua dengan menjalankan satu sistem pengudaraan dengan laju
kipas 0.85 m/s, dan ketiga denagn lajunya 1.65 m/s. Bukaan pintu diuji untuk 60 dan
120 kali/sehari dalam kes kediaman dan komersial masing-masing, melalui
eksperimen yang dijalankan. Tambahan pula, pengaruh suhu bilik (dapur) pada 25
dan 30 °C turut dikaji. Jarak di antara dinding belakang peti sejuk dan dinding bilik
(3, 6, 9, 12, dan 15 cm) diaplikasi kepada simulasi dengan suhu dapur Malaysia.
Penggunaan tenaga disukat melalui semua eksperimen menggunakan FLUKE 345
meter kuasa pengapit berkualiti. Geometri Dinamik Bendalir Komputasional 3D
(CFD) dihasilkan menggunakan perisian Pemodel Rekabentuk, dijaring dengan
jaringan tetrahedral yang serasi dengan tompok menggunakan jaringan ANSYS.
Simulasi dibuat menggunakan kod CFD komersial FLUENT ( meja kerja ANSYS
Versi 16.1). Keputusan menunjukkan penurunan 8°C dalam suhu di sekitar bahagian
pemampat dalam pengurangan 332.2 Wh/ hari dalam penggunaan tenaga peti sejuk
yang dilaporkan berikutan halaju udara 1.65 m/s. Tambahan pula, peningkatan 28 %
yang dinyatakan dalam masa kitaran pemampat OFF adalah disebabkan oleh halaju
udara 1.65 m/s. Keputusan penggunaan tenaga dalam peti sejuk menunjukkan
peningkatan 61.2% dan 97.1% berikutan bukaan pintu untuk 60 dan 120 kali sehari
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dalam senario kediaman dan komersial, masing-masing. Tambahan lagi, keputusan
menunjukkan peningkatan 42 Wh dalam penggunaan tenaga peti sejuk untuk setiap
peningkatan 1°C dalam suhu bilik (dapur). Keputusan bernombor menunjukkan
bahawa 12 cm adalah jarak optima peti sejuk dari dinding bilik untuk mendapatkan
aliran udara yang lebih baik untuk haba yang ditolak oleh pemampat dan kondenser.
Persetujuan yang baik dicapai di antara keputusan numerikal (bernombor) dan
eksperimental dengan ralat 4%. Seterusnya, pengurangan 26.6 Wh/hari dalam
penggunaan tenaga peti sejuk adalah disebabkan kedudukan peti sejuk pada 12 cm
dari dinding bilik.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Problem

In electrified houses in Malaysia and worldwide, the electrical appliances especially
refrigerator-freezer, fan, television, rice cooker as well as lighting are basic household
appliances. The increasing in the energy consumption of those appliances per year due
to the population growth, as well as economic growth (Mahlia et al., 2004).
Refrigerators-freezers have becoming mandatory equipment in every house, shop,
restaurant and other places with many brands and types such as single door, double
door, frost free, direct cool, single zone beverage, dual zone beverage, side by side
door, bottom mounted, top mounted, and so many others. Figure 1-1 shows main types
of refrigerator-freezer in the market (Nathanielberman, 2016).

Refrigerator-freezer is considered as the highest electrical consumer in the household
in Malaysia. Residential sector of Malaysia consumes about 21% of total electricity,
whereas every domestic refrigerator consumed about 26.3% of residential electricity
demand (Agus et al., 1993; Reddy et al., 1993; Ahmed et al., 2011; Saidur et al., 2006).

The total electricity in the residential sector is shown in Figure 1-2 (Agus et al., 1993)
and the electricity pattern for a single household is shown in Figure 1-3 (Saidur et al.,
2006).



f—

Side by side door Double door Double door

Dual zone beverage Bottom mounted Single zone beverage

Figure 1.1 : Different types of refrigerator (Nathanielberman, 2016)

Modifications in shape and design on each refrigerator allow it to keep up with the
development of more efficient equipment. A survey was carried out by Agus (1993)
found that 76% of Malaysian houses have one refrigerator, and 9 out of 100
households own more than one refrigerators. The refrigerator size range from 148—

600 litre and consume about 2—-3 kWh; a small number consume more than 4 kWh
(Saidur et al., 2008).
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Figure 1.2 : Overall residential electricity share (Agus et al., 1993)
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Figure 1.3 : Electricity pattern for a single household (Saidur et al., 2006)

The energy consumption of domestic refrigerators-freezers appliances in each
household becomes one of the most important things that has attracted significant
attention; as a result, the energy efficiency standards and green labels have been
achieved by some governments like in Malaysia and worldwide, in order to replace
inefficient stock (Mahlia and Saidur, 2010, Harrington, 2009). Implementing the
standards and green labels are very useful for all countries, to give them the ability to
motivate users to use energy efficient appliances (Masjuki et al., 2001). The relevant
and common standards that applied to the refrigerators-freezers are ISO 8187, ISO

3



8561, and ISO 7371. The standards have shown applicability and acceptability to
apply the ISO energy for the refrigerator-freezer and the respect to Malaysian climatic
conditions (Mabhlia et al., 2002).

Many researchers studied different variables to improve the efficiency and energy
consumption of refrigerator. Technical components influenced the efficiency and
energy consumption of refrigerator were studied such as the refrigerant type, amount
of charging refrigerant, compressor cooling capacity, capillary tube diameter,
condenser air cooling increment, and the insulation. Moreover, factors such as ambient
temperature, internal temperature, the number of door openings, load and placing of
warm products have been studied by several researchers (Boeng and Melo, 2014;
Hasanuzzaman et al., 2008; Hasanuzzaman et al., 2009; D. Liu et al., 2004; D.-Y. Liu
et al., 2004; Masjuki et al., 2001; Mastrullo et al., 2014; Mohanraj, 2013; Rasti et al.,
2013; Saidur et al., 2002).

1.2 Problem statement

The refrigerator-freezer is the highest consumer of electricity in a household (Agus et
al., 1993; Mahlia et al., 2004). It consume about 26.3% of residential electricity
demand (Agus et al., 1993; Reddy et al., 1993; Ahmed et al., 2011; Saidur et al., 2006).
Many researchers studied the influence of different variables to improve the efficiency
and the energy consumption of a domestic refrigerator. They show that, it is possible
to increase the efficiency and reduce the energy consumption of refrigerator by
investigating many parameters such as refrigerant type, the amount of charging
refrigerant, compressor cooling capacity, capillary tube diameter, condenser air
cooling increment, and the insulation. Environmental factors such as ambient
temperature, internal temperature, the number of door openings, load and placing of
warm products. (Hasanuzzaman et al., 2008; Hasanuzzaman et al., 2009; Mohanraj,
2013; Rasti et al., 2013; Saidur et al., 2002; Afonso, 2013; Afonso and Matos, 2006;
Alissi, 1987).

An experimental studies on the influence of room temperature and door openings of
the refrigerator in a household on the energy consumption of refrigerator without
including air velocity effect around the compressor and condnser were conducted by
Hasanuzzaman (2009); Hasanuzzaman (2008); Saidur (2002) and Masjuki (2001).
Moreover, those studies were not conducted in Klang Valley area / Malaysia.

An experimental and numerical studies conducted by Bassiouny (2009) were to
investigate the effect of the space surrounding the condenser of the household
refrigerator on the heat rejected only. The study did not included the effect of air
velocity around compressor and condenser tube, number of door opening, kitchen
temperature of Malaysia and load level on the energy consumption of refrigerator. In
addition, it was not conducted or repeated in Malaysia.



Therefore, there is a need to improve the energy efficiency and reduce wastage through
a passive method in Malaysia .This study focuses on the refrigerator and the factors
affecting the energy consumption. The study describes an experimental work to
determine the influence of some factors such as air velocity, frequency of door
openings in both residential and commercial cases and different room (kitchen)
temperatures on the energy consumption of a domestic refrigerator. In addition,
experimental and numerical simulation works to determine the optimum distance of
refrigerator from the room wall for minimum energy consumption.

1.3 Study Objectives

The aim of this research is to determine the optimum distance of the refrigerator from
room wall for minimum energy consumption of the refrigerator using experimental
and numerical methods.

The specific objectives are as follows:

1. To determine the influence of air velocity, frequency of door openings and
room (kitchen) temperatures on the energy consumption of refrigerator also to
use some of them as input parameters into the numerical analysis.

2. To determine the optimum distance (gap) of the refrigerator from room wall.

3. To compare the numerical results that have been conducted in the second
objective using experimental method.

1.4 Scope and Limitations

Improving refrigerator efficiency and reducing the wastage is achieved through
experimental and numerical methods. The current study is focused on some
parameters that can help to improve the efficiency and reduce the energy consumption
of domestic refrigerator.

The limitation of study are:

1. Selected refrigerator of 150 litre single-door, model iR-133C, manufactured in
Malaysia used as a test unit through the experimental sections of this study.

2. Field data on residential (houses) and commercial places are in Klang Valley
/ Malaysia for door openings of refrigerator and room (kitchen) temperatures.

3. In the CFD analysis, the viscous model used is Realizable k-¢ turbulence
model as well as, the other schemes are chosen based on the ANSYS FLUENT
Theory Guide (Kayne and Agarwal, 2013; ANSYS FLUENT 13 User’s Guide,
2013; Boonloi and Jedsadaratanachai, 2016; Rakhsha et al., 2015).

4. The refrigerator distance (gap) is taken as (3, 6,9, 12 and 15 cm) from the wall.

5. Using theoretical calculation for the heat transfer coefficient of compressor
and condenser.

6. A verification case study was conducted to make sure the accuracy of ANSYS-
FLUENT Version 16.1 used based on the study by Bassiouny (2009).

5



7. The output parameters of the experimental sections are the energy
consumption based on the reading of FLUKE 345 power quality clamp meter,
and the temperature at different points of refrigerator using thermocouple wires
type K. On the other hand, the temperature distribution and velocity profile
around the compressor, condenser and at the optimum distance between the
refrigerator and the room wall were from the numerical simulation section.

The hypothesis of study is the distance (gap) between the refrigerator and the room
wall which is taken as (3, 6, 9, 12 and 15 cm), is the dominant factor for the energy
consumption of domestic refrigerator to improve the energy efficiency and reduce
wastage in Malaysia. In addition, the wood plenum as a ventilation system has
fabricated to vary the air velocity at the base of the refrigerator through the
experimental sections.

The study scope is to present a passive method to improve the energy efficiency of the
refrigerator and reduce the wastage in Malaysia. Further, determination the optimum
distance (gap) of refrigerator from the room wall for minimum energy consumption.

1.5 Thesis Outline

This thesis involves five chapters, the thesis starts with an introduction in chapter one.
The second chapter is the literature review that contains the review of previous studies
related to the subject of the research. Material and methods are the subject of the third
chapter. This chapter is divided into three main sections. First is an experimental
method that covers the fabrication processes of the ventilation system used at the base
of the domestic refrigerator. Test procedures and methods are also presented in this
section. The second section is numerical simulation method that contains creating
geometries, meshed domains, CFD approaches and governing equations and boundary
conditions used in this simulations. The third section is an experimental (validation)
method that covers the process of validating the numerical results for the optimum
distance of the domestic refrigerator from room wall. Furthermore, the method for
measuring the energy consumption of the refrigerator, as well as the equipment’s used
through all experimental sections of this study. Chapter four is the Results and
Discussion. In this chapter, detailed results of experimental and numerical simulations
studies are presented, as well as the validation of the numerical and experiment results.
The main core of this chapter is to determine the optimum distance of the refrigerator
from the room wall. In addition, the effects of various parameters on the energy
consumption of domestic refrigerator. Discussions around results especially the
comparison between effects of different variables are carried out to meet the thesis
objectives and targets. Finally, Chapter five presents the conclusion of this study and
recommendations for future work.
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