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ABSTRAK

Sistem penyaman udara kenderaan (AAC) menggunakan banyak tenaga berbanding
komponen tambahan lain di dalam kenderaan bagi mencapai keselesaan terma di dalam
kabin kenderaan. Beberapa kajian berkaitan kecekapan dan prestasi sistem AAC telah
dijalankan tetapi kebanyakannya berkaitan dengan pemampat jenis konvensional yang
digerakkan oleh tali sawat dan menggunakan polyalkylene-glycol (PAG) sebagai pelincir
utama. Walaubagaimanapun, kajian bagi sistem AAC menggunakan pemampat yang
dikuasakan oleh tenaga elektrik (AAC-EDC) dengan pelincir polyol-ester (POE) dan juga
nano pelincir agak terhad. Selain meningkatkan prestasi sistem penyaman udara
kenderaan hasil peningkatan sifat pelincirnya dengan penggunaan zarah bersaiz nano
didalamnya, ia juga dapat meminimumkan saiz bateri dan komponen AAC. Tujuan kajian
ini adalah untuk mengkaji sifat-sifat terma fizikal dan tribologikal nano pelincir POE,
serta menilai prestasi dan mengoptimumkan parameter pengoperasian sistem AAC-EDC.
Sebelum itu, nano pelincir POE perlu dirumus dan dihasilkan sebelum distabilkan
menggunakan kaedah penyediaan dua langkah. Nano pelincir mono TiO2/POE, mono
SiO2/POE dan hibrid TiO2-SiO2/POE dikaji pada kepekatan bermula 0.01 sehingga 0.1%.
Kaedah kuantitatif dan kualitatif digunakan untuk menilai kestabilan nano pelincir ini.
Sifat reologi pula diukur pada suhu 30 hingga 100 °C. Penguji empat bola digunakan
untuk menilai sifat tribologikal nano pelincir mengikut piawaian ASTM D4172-18.
Prestasi sistem AAC-EDC telah dijalankan dengan kelajuan pemampat dalam julat 1200
— 3840 rpm, caj awal refrigerant antara 120 hingga 160g. Response surface methodology
(RSM) dan analysis of variance (ANOVA) digunakan dalam pengoptimuman kajian
pengaruh parameter kelajuan pemampat EDC, caj refrigerant, dan kepekatan isipadu pada
prestasi AAC-EDC yang dijalankan menggunakan nano pelincir. Semua nano pelincir
didapati mempunyai kestabilan yang sangat baik, dengan hanya pemendapan kecil dilihat
selepas sebulan. Keputusan pemerhatian secara visual disokong pula oleh ukuran ultra-
violet visible spectroscopy, yang menunjukkan bahawa kesemua nano pelincir
menunjukkan nisbah kepekatan kekal pada 90% sehingga 30 hari. Zeta potential yang
melebihi 60 mV juga mengesahkan kadar kestabilan nano pelincir adalah sangat baik.
Nano pelincir mono dan hibrid bagi kelikatan dinamik meningkat dengan kepekatan
isipadu tetapi berkurangan dengan suhu. Menariknya, penurunan kelikatan dinamik
berlaku pada kepekatan isipadu di bawah 0.05% berbanding dengan pelincir POE tulen.
Keputusan tribologikal memberikan prestasi tribologi yang luar biasa dari segi COF dan
WSD untuk semua nano pelincir berbanding pelincir POE tulen dengan kepekatan
isipadu kurang daripada 0.05% adalah disyorkan. Nano pelincir mono SiO2/POE menjadi
nano pelincir terbaik berbanding pelincir POE tulen, mono TiO2/POE dan hibrid TiO2-
SiO./POE dengan pengurangan kerja pemampat sehingga 22.3%, peningkatan dalam
penyerapan haba dan prestasi COP sehingga 110% dan 53.8% masing-masing pada
kepekatan isipadu 0.01%. Daripada pengoptimuman RSM, parameter optimum iaitu
halaju pemampat, caj refrigerant awal dan kepekatan isipadu bagi nano pelincir
SiO2/POE pada 1808 rpm, 160 g dan 0.013% masing-masing menghasilkan tindak balas
optimum penyerapan haba, kerja pemampat, suhu keluar injap pengembangan, dan
penggunaan kuasa EDC iaitu 19.91 kJ/kg, 5.34 kJ/kg, 10.28 °C dan 116.66 W dengan
nilai desirability tertinggi sebanyak 0.941. Oleh itu, boleh disimpulkan bahawa kepekatan
isipadu 0.013% nano pelincir SiO2/POE adalah disyorkan untuk penghasilan prestasi
optimum dalam sistem AAC-EDC. Oleh itu, ia dicadangkan untuk diguna pakai di
kenderaan sebenar dan juga boleh menggunakan bahan penyejuk yang lebih mesra alam
serta lebih baik sifat-sifatnya seperti R1234yf.



ABSTRACT

The automotive air-conditioning (AAC) system consumes the most energy among the
auxiliary components in vehicles to achieve thermal comfort inside the vehicle's cabin.
Nanolubricant was used to improve the performance of the AAC system. Few studies
investigated the AAC system performance with nanolubricant but were mainly concerned
with belting-driven compressor (BDC) and polyalkylene-glycol (PAG) nanolubricant.
However, a limited study was undertaken for AAC with an electrically-driven
compressor (AAC-EDC) with polyol-ester (POE) lubricant and none with nanolubricant.
Therefore, using nanolubricant in AAC-EDC system is expected to increase the
performance and minimize the size of the battery and AAC components. This study aims
to evaluate the rheological and tribological properties of the POE nanolubricants and
evaluate the performance and optimize the operating parameters of the AAC-EDC
system. The POE nanolubricant was formulated and stabilized using a two-step method
of preparation. Mono TiO2/POE, mono SiO2/POE and hybrid TiO2-SiO2/POE
nanolubricants were prepared at different volume concentrations of 0.01 to 0.1%.
Quantitative and qualitative methods were used to assess the stability of nanolubricants.
The rheological properties were measured at a temperature of 30 to 100 °C. Meanwhile,
the four-ball tester was used to evaluate the tribological properties of nanolubricants
according to ASTM DA4172-18 standard. Further, the AAC-EDC experiment was
performed in the range of 1200 to 3840 rpm compressor speed and 120 to 160 g for the
initial refrigerant charge. Response surface methodology (RSM) and analysis of variance
(ANOVA) were used in the optimization to investigate the influence of compressor
speed, initial refrigerant charge, and volume concentration as input parameters on the
AAC-EDC performance with nanolubricants. All nanolubricants were found to have
excellent stability, with minor sedimentation for up to 30 days of observation. The visual
observation results were supported by ultra-violet visible (UV-Vis) spectroscopy
evaluation. The mono and hybrid nanolubricants were sustained for over 90% of the UV-
Vis concentration ratio for up to 30 days. The zeta potential at more than 60 mV for all
nanolubricants further confirmed the excellent stability condition. The dynamic viscosity
of the mono and hybrid nanolubricants was increased with volume concentration while
decreasing with temperature. Interestingly, the dynamic viscosity decrement occurred for
nanolubricants at less than 0.05% volume concentration compared to pure POE lubricant.
The tribological evaluation was performed with a better coefficient of friction (COF) and
wear scar diameter (WSD) compared to pure POE lubricant at less than 0.05% volume
concentrations for all nanolubricants. The mono SiO./POE nanolubricant in the AAC-
EDC system performed better than pure POE lubricant, mono TiO./POE and hybrid
TiO2-SiO2/POE nanolubricant with a reduction in compressor work of 22.3%, heat
absorption increment up to 110% and COP enhancement up to 53.8% at 0.01% volume
concentration. From RSM optimization, the optimum parameter, namely compressor
speed, initial refrigerant charge and volume concentrations of 1808 rpm, 160 g and
0.013%, respectively, yield the optimum responses of heat absorption, compressor work,
expansion valve discharge temperature, and EDC power consumption for SiO2/POE
nanolubricant were attained at 19.91 kJ/kg, 5.34 kJ/kg, 10.28 °C and 116.66 W
respectively with highest desirability of 0.941. It can be concluded that a 0.013% volume
concentration of SiO2/POE nanolubricant was highly recommended for optimum
performance in the AAC-EDC system. Therefore, it is recommended to employ these
nanolubricants in the actual vehicle conditions and can also be applied in better
environment refrigerants such as R1234yf.



TABLE OF CONTENT

DECLARATION

TITLE PAGE
ACKNOWLEDGEMENTS
ABSTRAK

ABSTRACT

TABLE OF CONTENT
LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

LIST OF APPENDICES

CHAPTER 1 INTRODUCTION
1.1  Background of Study

1.2 Problem Statement

1.3 Significance of Study

1.4 Objectives of Study

1.5  Scopes of Study

1.6 Thesis Overview

CHAPTER 2 LITERATURE REVIEW
2.1  Introduction
2.2 Sustainable Energy and Energy Saving
2.3 Efficiency Improvement of Air-Conditioning
2.3.1 Alternative Refrigerants
2.3.2 Nanoparticle Dispersion in Lubricant and Refrigerant

\Y

Xi
Xiii
XVii
XViii

XX

10
10
10
13
15

20



2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

Nanoparticle Dispersion Technology

2.4.1 Preparation of Nanolubricants

2.4.2 Stability Techniques

2.4.3 Characterization and Properties Evaluation

2.4.4 Tribological Evaluation

Nanorefrigerants and Nanolubricants

2.5.1 Classification of Nanorefrigerants

2.5.2 Classification of Nanolubricants

Nanoparticles in R134a Refrigeration System

2.6.1 Metal Oxide Nanoparticles

2.6.2 Other Types of Nanoparticles

Principal Operation of Automotive Air-Conditioning System
2.7.1 Overview of Automotive Air-Conditioning System
2.7.2 Conventional Automotive Air-Conditioning System
2.7.3 Hybrid Electrical Vehicles Air-Conditioning System
Automotive Air Conditioning Compressors

2.8.1 Belting-Driven Compressor

2.8.2 Electrically-Driven Compressor

Electrical Environment System

2.9.1 Fuel Cell

2.9.2 Power Transformer

Performance of Automotive Air-Conditioning System using

Nanolubricants
Optimization using Response Surface Method
2.11.1 Face Centred Design

2.11.2 Desirability Approach for Optimization

Vi

21

23

24

28

30

34

34

36

38

38

40

43

44

45

48

49

49

49

52

52

53

54

57

59

60



2.12  Summary

CHAPTER 3 METHODOLOGY

3.1  Introduction

3.2 Product Design Specifications

3.3 Nanolubricant Preparation
3.3.1 Nanoparticle and Base Lubricant Properties
3.3.2 Nanolubricant Preparation

3.4 Stability of nanolubricants
3.4.1 Sedimentation Photographing Method
3.4.2 Ultraviolet-Visible Spectrophotometer
3.4.3 Micrograph for Transmission Electron Microscopy
3.4.4 Zeta potential

3.5  Rheological Properties Measurements
3.5.1 Base Fluid Properties
3.5.2 Dynamic Viscosity Properties
3.5.3 Development of Regression Model

3.6  Tribological Behaviour Measurements

3.7 Setup for Automotive Air Conditioning with Electrically-Driven

Compressor
3.7.1 Instrumentations and Sensors
3.7.2 Sensor and Gauge Calibrations
3.7.3 Experimental Procedures

3.8 Performance of Air Conditioning System
3.8.1 T-s Diagram
3.8.2 Performance Parameters Analysis

3.8.3 Heat Absorption

vii

61

64

64

66

67

67

70

73

74

74

75

76

77

77

78

79

80

82

85

87

89

90

90

91

92



3.8.4 Compressor Work 92

3.8.5 Coefficient of Performance 92
3.8.6 Cooling Capacity 93
3.8.7 Power Consumption 93
3.9  Consistency Analysis 94
3.10 Response Surface Method Optimization 95
3.10.1 Designing of Experiment 96
3.10.2 Data Analysis 97
3.10.3 Response Optimization and Validation 98
3.11 Conclusions 99
CHAPTER 4 RESULTS AND DISCUSSION 100
4.1 Introduction 100
4.2  Stability Analysis 101
4.2.1 Sedimentation Photographing Observation 101
4.2.2 Ultraviolet-Visible Spectroscopy Evaluation 103
4.2.3 Micrograph Evaluation 108
4.2.4 Zeta Potential Evaluation 109
4.3  Rheological Properties of Nanolubricants 110
4.3.1 Newtonian Behaviour 110
4.3.2 Dynamic Viscosity 112
4.3.3 Comparison with Literatures 116
4.3.4 Regression Equation 117
4.4 Tribological Properties of Nanolubricants 119
4.4.1 Friction Torque Evaluation 120
4.4.2 Coefficient of Friction Evaluation 121

viii



4.5

4.6

4.7

4.8

4.9

4.10

411

4.4.3 Wear Scar Diameter Evaluation

4.4.4 Microscopic Observation

4.4.5 Comparison with Literature
Summary of Nanolubricants Characterization
Performance Analysis of POE Lubricants
4.6.1 Compressor Performance

4.6.2 Cooling Performance

4.6.3 Overall System Performance
Performance Analysis of Mono SiO2/POE and TiO2/POE Nanolubricants
4.7.1 Compressor Performance

4.7.2 Cooling Performance

4.7.3 Overall System Performance
Performance Analysis of Hybrid TiO2-SiO2 Nanolubricant
4.8.1 Compressor Performance

4.8.2 Cooling Performance

4.8.3 Overall System Performance
Summary of Nanolubricants Performance
4.9.1 Compressor Performance

4.9.2 Cooling Performance

4.9.3 Overall System Performance
Response Surface Method Analysis

4.10.1 ANOVA Analysis

4.10.2 Development of Regression Model
4.10.3 Interaction between Parameter
Optimization Evaluation

4.11.1 Desirability Analysis

123

125

128

130

133

134

136

138

139

140

144

149

151

151

153

155

156

157

159

162

164

169

172

174

180

182



4.11.2 Experimental Validation

CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS
51 Introduction
5.2 Conclusions

5.3  Recommendations for Future Study

REFERENCE

APPENDICES

184

185

185

185

188

189

205



REFERENCE

Abdel-Hadi, E. A.-H., Taher, S. H., Torki, A. H. M., & Hamad, S. S. (2011). Heat
Transfer Analysis of Vapor Compression System Using Nano CuO-R134a. Paper
presented at the International Conference on Advanced Materials Engineering.

Abdolbagi, M. K., Azmi, W., Mamat, R., Sharma, K., & Najafi, G. (2016). Experimental
investigation of thermal conductivity and electrical conductivity of BioGlycol-
water mixture based Al>O3 nanofluid. Applied Thermal Engineering, 102, 932-
941.

Abdolbagi, M. K., Mamat, R., Sidik, N. A. C., Azmi, W. H., & Selvakumar, P. (2017).
Experimental investigation and development of new correlations for heat transfer
enhancement and friction factor of BioGlycol/water based TiO2 nanofluids in flat
tubes. International Journal of Heat and Mass Transfer, 108, 1026-1035.

Abdullah, A. M., Chowdhury, A. R., Yang, Y., Vasquez, H., Moore, H. J., Parsons, J. G.,
Lozano, K., Gutierrez, J. J., Martirosyan, K. S., & Uddin, M. J. (2020). Tailoring
the viscosity of water and ethylene glycol based TiO> nanofluids. Journal of
Molecular Liquids, 297, 111982.

Afrand, M., Najafabadi, K. N., & Akbari, M. (2016). Effects of temperature and solid
volume fraction on viscosity of SiO>-MWCNTS/SAE40 hybrid nanofluid as a
coolant and lubricant in heat engines. Applied Thermal Engineering, 102, 45-54.

Ahmadi, S., Bathaee, S., & Hosseinpour, A. H. (2018). Improving fuel economy and
performance of a fuel-cell hybrid electric vehicle (fuel-cell, battery, and ultra-
capacitor) using optimized energy management strategy. Energy conversion and
management, 160, 74-84.

Akabane, H., Ikeda, S., Kikuchi, K., Tamura, Y., Sakano, R., Bessler, W., & Harms, H.
(1989). Evaluation of an electrically driven automotive air conditioning system
using a scroll hermetic compressor with a brushless DC motor: SAE Technical
Paper.

Alahmer, A., Abdelhamid, M., & Omar, M. (2012). Design for thermal sensation and
comfort states in vehicles cabins. Applied Thermal Engineering, 36, 126-140.

Alawi, O. A,, Sidik, N. A. C., & Beriache, M. H. (2015a). Applications of nanorefrigerant
and nanolubricants in refrigeration, air-conditioning and heat pump systems: A
review. International Communications in Heat and Mass Transfer, 68, 91-97.

Alawi, O. A,, Sidik, N. A. C., & Kherbeet, A. S. (2015b). Nanorefrigerant effects in heat
transfer performance and energy consumption reduction: A review. International
Communications in Heat and Mass Transfer, 69, 76-83.

Aldrich, S. (2013). Safety Data Sheet Silicon Dioxide and Titanium Dioxide.

Ali, M. K. A., Xianjun, H., Mai, L., Bicheng, C., Turkson, R. F., & Qingping, C. (2016a).
Reducing frictional power losses and improving the scuffing resistance in
automotive engines using hybrid nanomaterials as nano-lubricant additives.
Wear, 364-365, 270-281.

Ali, M. K. A., Xianjun, H., Mai, L., Qingping, C., Turkson, R. F., & Bicheng, C. (2016).
Improving the tribological characteristics of piston ring assembly in automotive
engines using Al203 and TiO2 nanomaterials as nano-lubricant additives.
Tribology International, 103, 540-554.

189



Alkan, A., & Hosoz, M. (2010). Comparative performance of an automotive air
conditioning system using fixed and variable capacity compressors. International
Journal of Refrigeration, 33(3), 487-495.

Aminullah, A. R. M., Azmi, W. H., Redhwan, A. A. M., Sharif, M. Z., Zawawi, N. N.
M., Kadirgama, K., & Ashraf, M. N. S. (2018). Tribology investigation of
automotive air condition (AAC) compressor by using Al,O3z/PAG nanolubricant.
J Mech Eng, 5(1), 49-61.

Amjad, S., Neelakrishnan, S., & Rudramoorthy, R. (2010). Review of design
considerations and technological challenges for successful development and
deployment of plug-in hybrid electric vehicles. Renewable and Sustainable
Energy Reviews, 14(3), 1104-1110.

Angayarkanni, S., & Philip, J. (2015). Review on thermal properties of nanofluids: recent
developments. Advances in colloid and interface science, 225, 146-176.

Asadi, A., Alarifi, I. M., Ali, V., & Nguyen, H. M. (2019). An experimental investigation
on the effects of ultrasonication time on stability and thermal conductivity of
MWCNT-water nanofluid: Finding the optimum ultrasonication time.
Ultrasonics sonochemistry, 58, 104639.

Asadi, A., Asadi, M., Rezaei, M., Siahmargoi, M., & Asadi, F. (2016). The effect of
temperature and solid concentration on dynamic viscosity of MWCNT/MgO (20—
80)-SAE50 hybrid nano-lubricant and proposing a new correlation: an
experimental study. International Communications in Heat and Mass Transfer,
78, 48-53.

ASHRAE. (2009). American society of Heating Refrigerating and Air-Conditioning
Engineers: Ashrae Handbook Fundamentals.

ASHRAE. (2011). Standard 41.9-2000: ASHRAE

Atik, K., & Aktas, A. (2011). An experimental investigation of the effect of refrigerant
charge level on an automotive air conditioning system. Journal of Thermal
Science and Technology, 31(1), 11-17.

Azmi, W. H., Sharma, K. V., Sarma, P. K., Mamat, R., & Najafi, G. (2014). Heat transfer
and friction factor of water based TiO2 and SiO2 nanofluids under turbulent flow
in a tube. International Communications in Heat and Mass Transfer, 59, 30-38.

Bartelt, K., Park, Y., Liu, L., & Jacobi, A. (2008). Flow-boiling of R-134a/POE/CuO
nanofluids in a horizontal tube.

Beck, M. P., Sun, T., & Teja, A. S. (2007). The thermal conductivity of alumina
nanoparticles dispersed in ethylene glycol. Fluid Phase Equilibria, 260(2), 275-
278.

Beer, A., & Beer, P. (1852). Determination of the absorption of red light in colored
liquids. Annalen der Physik und Chemie, 86(5), 78-88.

Bharathan, D., Chaney, L., Farrington, R., Lustbader, J., Keyser, M., & Rugh, J. (2007).
Overview of Vehicle Test and Analysis Results from NREL's A/C Fuel Use
Reduction Research: National Renewable Energy Lab.(NREL), Golden, CO
(United States).

Bhatt, R., Bhatt, R., & Padmaja, P. (2018). DTPA capped gold and silver nanofluids-
facile synthesis and their application as chromium sensors. Sensors and Actuators
B: Chemical, 258, 602-611.

Bi, S., Guo, K., Liu, Z., & Wu, J. (2011). Performance of a domestic refrigerator using
TiO2-R600a nano-refrigerant as working fluid. Energy Conversion and
Management, 52(1), 733-737.

190



Bi, S., Shi, L., & Zhang, L.-l. (2008). Application of nanoparticles in domestic
refrigerators. Applied Thermal Engineering, 28(14-15), 1834-1843.

Bobbo, S., Fedele, L., Fabrizio, M., Barison, S., Battiston, S., & Pagura, C. (2010).
Influence of nanoparticles dispersion in POE oils on lubricity and R134a
solubility. International Journal of Refrigeration, 33(6), 1180-1186.

Botha, S. S. (2006). Synthesis and characterization of nanofluids for cooling
applications. University of the Western Cape.

Boyde, S., Randles, S., Gibb, P., Corr, S., Dowdle, P., McNicol, A., Bailey, R., Colmery,
S., & Shoji, M. (2000). Effect of lubricant properties on efficiency of refrigeration
COMpressors.

Brinkman, H. C. (1952). The Viscosity of Concentrated Suspensions and Solutions. The
Journal of Chemical Physics, 20(4), 571-571.

Brown, W. L. (1993). Polyalkylene glycols. CRC Handbook of Lubrication and
Tribology, 3, 253-267.

Brown, W. L. (1998). The Development of Lubricants for Automotive A/C Systems.

Cabello, R., Sénchez, D., Llopis, R., Arauzo, I., & Torrella, E. (2015). Experimental
comparison between R152a and R134a working in a refrigeration facility
equipped with a hermetic compressor. International Journal of Refrigeration, 60,
92-105.

Calloway, D. (1997). Beer-lambert law: J. Chem. Educ.

Cardol, O., Lebrun, J., & Winandy, E. (2001). Characterization and modelling of a
Hermetic scroll compressor for automotive air conditioning. Paper presented at
the Compressors and Their Systems: 7th International Conference.

Carlisle, E. M. (1972). Silicon: An Essential Element for the Chick. Science, 178(4061),
619-621.

Carlson, R. B., Wishart, J.,, & Stutenberg, K. (2016). On-road and dynamometer
evaluation of vehicle auxiliary loads. SAE International Journal of Fuels and
Lubricants, 9(1), 260-268.

Cengel, Y. A., & Boles, M. A. (2015). Thermodynamics: An Engineering Approach New
York: Mc Graw Hill.

Chandrasekar, M., Suresh, S., & Bose, A. C. (2010). Experimental investigations and
theoretical determination of thermal conductivity and viscosity of Al.Oz/water
nanofluid. Experimental thermal and fluid science, 34(2), 210-216.

Chang, H., Lan, C.-W., Chen, C.-H., Kao, M.-J., & Guo, J.-B. (2014). Anti-wear and
friction properties of nanoparticles as additives in the lithium grease.
International journal of precision engineering and manufacturing, 15(10), 2059-
2063.

Cho, H., Lee, H., & Park, C. (2013). Performance characteristics of an automobile air
conditioning system with internal heat exchanger using refrigerant R1234yf.
Applied Thermal Engineering, 61(2), 563-569.

Cho, H., Ryu, C., Kim, Y., & Kim, H. Y. (2005). Effects of refrigerant charge amount on
the performance of a transcritical CO, heat pump. International Journal of
Refrigeration, 28(8), 1266-1273.

Choi, S. U., & Eastman, J. A. (1995). Enhancing thermal conductivity of fluids with
nanoparticles: Argonne National Lab., IL (United States).

Chou, R., Battez, A. H., Cabello, J., Viesca, J., Osorio, A., & Sagastume, A. (2010).
Tribological behavior of polyalphaolefin with the addition of nickel
nanoparticles. Tribology International, 43(12), 2327-2332.

191



Chung, S., Leonard, J., Nettleship, I., Lee, J., Soong, Y., Martello, D., & Chyu, M. (2009).
Characterization of ZnO nanoparticle suspension in water: Effectiveness of
ultrasonic dispersion. Powder Technology, 194(1-2), 75-80.

Costa, N., & Garcia, J. (2016). Using a multiple response optimization approach to
optimize the coefficient of performance. Applied Thermal Engineering, 96, 137-
143.

Dahlan, A. A., Hazigah Zulkifli, A., Henry, N., Azhar, A. A., Perang, M. R. M., & Mohd
Jamil, H. (2014). Performance Study of Electric Compressor in Non-Electric
Vehicle. Paper presented at the Applied Mechanics and Materials.

Dai, W., Kheireddin, B., Gao, H., & Liang, H. (2016). Roles of nanoparticles in oil
lubrication. Tribology International, 102, 88-98.

Dalkilig, A. S., Yalgm, G., Kiigiikyildirim, B. O., Oztuna, S., Akdogan Eker, A.,
Jumpholkul, C., Nakkaew, S., & Wongwises, S. (2018). Experimental study on
the thermal conductivity of water-based CNT-SiO> hybrid nanofluids.
International Communications in Heat and Mass Transfer, 99, 18-25.

Dardan, E., Afrand, M., & Isfahani, A. M. (2016). Effect of suspending hybrid nano-
additives on rheological behavior of engine oil and pumping power. Applied
Thermal Engineering, 109, 524-534.

Denso. (2017). Compressor oil: All you need to know - Denso. United Kingdom.

Edwards, J., Othman, M., & Burn, S. (2015). A review of policy drivers and barriers for
the use of anaerobic digestion in Europe, the United States and Australia.
Renewable and Sustainable Energy Reviews, 52, 815-828.

Emkarate. (2016). RL68H Typical Properties Data Sheet. CPIl Engineering Services:
Lubrizol.

Esfe, M. H., Afrand, M., Rostamian, S. H., & Toghraie, D. (2017). Examination of
rheological behavior of MWCNTSs/ZnO-SAE40 hybrid nano-lubricants under
various temperatures and solid volume fractions. Experimental thermal and fluid
science, 80, 384-390.

Esfe, M. H., Arani, A. A. A., & Esfandeh, S. (2018). Experimental study on rheological
behavior of monograde heavy-duty engine oil containing CNTs and oxide
nanoparticles with focus on viscosity analysis. Journal of Molecular Liquids, 272,
319-329.

Esmaeilzadeh, E., Almohammadi, H., Nasiri Vatan, S., & Omrani, A. N. (2013).
Experimental investigation of hydrodynamics and heat transfer characteristics of
v-Al20s/water under laminar flow inside a horizontal tube. International Journal
of Thermal Sciences, 63, 31-37.

Farrington, R., & Rugh, J. (2000). Impact of vehicle air-conditioning on fuel economy,
tailpipe emissions, and electric vehicle range: National Renewable Energy Lab.,
Golden, CO (US).

Fontaras, G., Zacharof, N.-G., & Ciuffo, B. (2017). Fuel consumption and CO> emissions
from passenger cars in Europe—Laboratory versus real-world emissions. Progress
in Energy and Combustion Science, 60, 97-131.

Ghadimi, A., Saidur, R., & Metselaar, H. (2011). A review of nanofluid stability
properties and characterization in stationary conditions. International Journal of
Heat and Mass Transfer, 54(17-18), 4051-4068.

Ghaffarkhah, A., Afrand, M., Talebkeikhah, M., Sehat, A. A., Moraveji, M. K.,
Talebkeikhah, F., & Arjmand, M. (2020). On evaluation of thermophysical

192



properties of transformer oil-based nanofluids: a comprehensive modeling and
experimental study. Journal of Molecular Liquids, 300, 112249.

Gulzar, M., Masjuki, H. H., Kalam, M. A., Varman, M., Zulkifli, N. W. M., Mufti, R. A.,
Zahid, R., & Yunus, R. (2017). Dispersion stability and tribological
characteristics of TiO2/SiO, nanocomposite-enriched biobased lubricant.
Tribology Transactions, 60(4), 670-680.

Guyonvarch, G., Aloup, C., Petitjean, C., & De Savasse, A. D. M. (2001). 42 V Electric
Air Conditioning Systems (EA/CS) for Low Emissions, Architecture, Comfort
and Safety of Next Generation Vehicles: SAE Technical Paper.

Haddad, Z., Abid, C., Oztop, H. F., & Mataoui, A. (2014). A review on how the
researchers prepare their nanofluids. International Journal of Thermal Sciences,
76, 168-189.

Hamilton, R. L., & Crosser, O. K. (1962). Thermal Conductivity of Heterogeneous Two-
Component Systems. Industrial & Engineering Chemistry Fundamentals, 1(3),
187-191.

Han, X. H., Li, P., Xu, Y. J,, Zhang, Y. J.,, Wang, Q., & Chen, G. M. (2013). Cycle
performances of the mixture HFC-161+ HFC-134a as the substitution of HFC-
134a in automotive air conditioning systems. International Journal of
Refrigeration, 36(3), 913-920.

Hannan, M., Azidin, F., & Mohamed, A. (2014). Hybrid electric vehicles and their
challenges: A review. Renewable and Sustainable Energy Reviews, 29, 135-150.

He, F., Xie, G., & Luo, J. (2020). Electrical bearing failures in electric vehicles. Friction,
8(1), 4-28.

Henderson, K., Park, Y.-G., Liu, L., & Jacobi, A. M. (2010). Flow-boiling heat transfer
of R-134a-based nanofluids in a horizontal tube. International Journal of Heat
and Mass Transfer, 53(5-6), 944-951.

Henry, N., Yamani, M., & Sumeru, K. (2013). Performance Study of DC Compressor for
Automotive Air Conditioning System. Paper presented at the Advanced Materials
Research.

Hiemenz, P. C., & Hiemenz, P. C. (1986). Principles of colloid and surface chemistry
(Vol. 188): M. Dekker New York.

Holmberg, K., Andersson, P., Nylund, N.-O., Mékelg, K., & Erdemir, A. (2014). Global
energy consumption due to friction in trucks and buses. Tribology International,
78, 94-114.

Holmberg, K., & Erdemir, A. (2017). Influence of tribology on global energy
consumption, costs and emissions. Friction, 5(3), 263-284.

Hung, Y. H., Teng, T. P., & Lin, B. G. (2013). Evaluation of the thermal performance of
a heat pipe using alumina nanofluids. Experimental thermal and fluid science, 44,
504-511.

Hunter, T. N., Wanless, E. J., Jameson, G. J., & Pugh, R. J. (2009). Non-ionic surfactant
interactions with hydrophobic nanoparticles: Impact on foam stability. Colloids
and Surfaces A: Physicochemical and Engineering Aspects, 347(1-3), 81-89.

Hwang, Y.-j., Lee, J.,, Lee, C., Jung, Y., Cheong, S., Lee, C., Ku, B., & Jang, S. (2007).
Stability and thermal conductivity characteristics of nanofluids. Thermochimica
Acta, 455(1-2), 70-74.

ljam, A., Saidur, R., Ganesan, P., & Moradi Golsheikh, A. (2015). Stability, thermo-
physical properties, and electrical conductivity of graphene oxide-deionized

193



water/ethylene glycol based nanofluid. International Journal of Heat and Mass
Transfer, 87, 92-103.

Ikeda, S., Yoshii, Y., & Tamura, Y. (1990). Air conditioning electric vehicles with an
electronically driven variable speed scroll type compressor: SAE Technical
Paper.

Illan-Gomez, F., & Garcia-Cascales, J. (2019). Experimental comparison of an air-to-
water refrigeration system working with R134a and R1234yf. International
Journal of Refrigeration, 97, 124-131.

Ismail, M. F., & Azmi, W. H. (2023). Tribological Performance Effect of SiO, and TiO>
Nanoparticles as Lubricating Oil Additives. Paper presented at the Proceedings
of the 2nd Energy Security and Chemical Engineering Congress.

Ismail, M. F., Azmi, W. H., Mamat, R., & Ab Rahim, R. (2022). Rheological Behaviour
and Thermal Conductivity of Polyvinyl Ether Lubricant Modified with SiO2-TiO;
Nanoparticles for Refrigeration System. International Journal of Refrigeration.

Jeelani, P. G., Mulay, P., Venkat, R., & Ramalingam, C. (2019). Multifaceted Application
of Silica Nanoparticles. A Review. Silicon, 12, 1337-1354.

Jiang, L., Gao, L., & Sun, J. (2003). Production of aqueous colloidal dispersions of carbon
nanotubes. Journal of Colloid and Interface Science, 260(1), 89-94.

Jiang, W., Ding, G., Peng, H., Gao, Y., & Wang, K. (2009b). Experimental and Model
Research on Nanorefrigerant Thermal Conductivity. HYAC&R Research, 15(3),
651-6609.

Jiao, D., Zheng, S., Wang, Y., Guan, R., & Cao, B. (2011). The tribology properties of
alumina/silica composite nanoparticles as lubricant additives. Applied Surface
Science, 257(13), 5720-5725.

Johnson, V. H. (2002). Fuel used for vehicle air conditioning: a state-by-state thermal
comfort-based approach: SAE Technical Paper.

Joshi, Y., Zanwar, D., & Joshi, S. (2021). Performance investigation of vapor
compression refrigeration system using R134a and R600a refrigerants and Al.O3
nanoparticle based suspension. Materials Today: Proceedings, 44, 1511-1519.

Jung, J. Y., Kim, E. S., & Kang, Y. T. (2012). Stabilizer effect on CHF and boiling heat
transfer coefficient of alumina/water nanofluids. International Journal of Heat
and Mass Transfer, 55(7), 1941-1946.

Jwo, C. S., Jeng, L. Y., Teng, T. P., & Chang, H. (2009). Effects of nanolubricant on
performance of hydrocarbon refrigerant system. Journal of Vacuum Science &
Technology B: Microelectronics and Nanometer Structures Processing,
Measurement, and Phenomena, 27(3), 1473-1477.

Karimi, F., Rafiee, S., Taheri-Garavand, A., & Karimi, M. (2012). Optimization of an air
drying process for Artemisia absinthium leaves using response surface and
artificial neural network models. Journal of the Taiwan Institute of Chemical
Engineers, 43(1), 29-39.

Kaynakli, O., & Horuz, I. (2003). An experimental analysis of automotive air
conditioning system. International Communications in Heat and Mass Transfer,
30(2), 273-284.

Kedzierski, M. A. (2009). Effect of CuO nanoparticle concentration on R134a/lubricant
pool-boiling heat transfer. Journal of Heat Transfer, 131(4), 043205.

Kedzierski, M. A. (2011). Effect of Al.Oz nanolubricant on R134a pool boiling heat
transfer. International Journal of Refrigeration, 34(2), 498-508.

194



Kedzierski, M. A. (2012a). Effect of Diamond Nanolubricant on R134a Pool Boiling
Heat Transfer. Journal of Heat Transfer, 134(5), 051001-051001-051008.
Kedzierski, M. A. (2012b). R134a/Al,O3 nanolubricant mixture pool boiling on a

rectangular finned surface. Journal of Heat Transfer, 134(12), 121501.

Kedzierski, M. A. (2013). Viscosity and density of aluminum oxide nanolubricant.
International Journal of Refrigeration, 36(4), 1333-1340.

Kedzierski, M. A., Brignoli, R., Quine, K., & Brown, J. (2017). Viscosity, density, and
thermal conductivity of aluminum oxide and zinc oxide nanolubricants.
International Journal of Refrigeration, 74, 3-11.

Kedzierski, M. A., & Gong, M. (2009a). Effect of CuO nanolubricant on R134a pool
boiling heat transfer. International Journal of Refrigeration, 32(5), 791-799.

Kent, R., & Kent, R. (2016). Design quality management. Quality management in plastics
processing, 227-262.

Khoobbakht, G., Najafi, G., Karimi, M., & Akram, A. (2016). Optimization of operating
factors and blended levels of diesel, biodiesel and ethanol fuels to minimize
exhaust emissions of diesel engine using response surface methodology. Applied
Thermal Engineering, 99, 1006-1017.

Khoury, G. E., & Clodic, D. (2005). Method of test and measurements of fuel
consumption due to air conditioning operation on the new prius Il hybrid vehicle.
SAE transactions, 2563-2571.

Kim, S., Lee, G., Lee, J., & Hong, J. (2010). Simple design approach for improving
characteristics of interior permanent magnet synchronous motors for electric air-
conditioner systems in HEV. International Journal of Automotive Technology,
11(2), 277-282.

Kole, M., & Dey, T. (2011a). Effect of aggregation on the viscosity of copper oxide—gear
oil nanofluids. International Journal of Thermal Sciences, 50(9), 1741-1747.

Kole, M., & Dey, T. (2011b). Role of interfacial layer and clustering on the effective
thermal conductivity of CuO—gear oil nanofluids. Experimental thermal and fluid
science, 35(7), 1490-1495.

Kotia, A., & Ghosh, S. K. (2015). Experimental analysis for rheological properties of
aluminium oxide (Al203)/gear oil (SAE EP-90) nanolubricant used in HEMM.
Industrial Lubrication and Tribology.

Krishnan, R. S., Arulprakasajothi, M., Logesh, K., Raja, N. D., & Rajendra, M. (2018).
Analysis and Feasibilty of Nano-Lubricant in Vapour Compression Refrigeration
System. Materials Today: Proceedings, 5(9), 20580-20587.

Kumar, R. S., & Sharma, T. (2018). Stability and rheological properties of nanofluids
stabilized by SiO2 nanoparticles and SiO2-TiO2 nanocomposites for oilfield
applications. Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 539, 171-183.

Lambert, J. H. (2001). Photometry, or, on the measure and gradations of light, colors,
and shade: translation from the Latin of photometria, sive, de mensura et
gradibus luminis, colorum et umbrae: Illuminating Engineering.

Lambert, M. A., & Jones, B. (2006). Automotive adsorption air conditioner powered by
exhaust heat. Part 1. conceptual and embodiment design. Proceedings of the
Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering,
220(7), 959-972.

Lee, J. H., Hwang, K. S., Jang, S. P., Lee, B. H., Kim, J. H., Choi, S. U., & Choi, C. J.
(2008). Effective viscosities and thermal conductivities of aqueous nanofluids

195



containing low volume concentrations of Al203 nanoparticles. International
Journal of Heat and Mass Transfer, 51(11-12), 2651-2656.

Lee, K., Hwang, Y., Cheong, S., Choi, Y., Kwon, L., Lee, J., & Kim, S. H. (2009a).
Understanding the role of nanoparticles in nano-oil lubrication. Tribology Letters,
35(2), 127-131.

Lee, K., Hwang, Y., Cheong, S., Kwon, L., Kim, S., & Lee, J. (2009b). Performance
evaluation of nano-lubricants of fullerene nanoparticles in refrigeration mineral
oil. Current Applied Physics, 9(2, Supplement), e128-e131.

Li, G., Eisele, M., Lee, H., Hwang, Y., & Radermacher, R. (2014). Experimental
investigation of energy and exergy performance of secondary loop automotive
air-conditioning systems using low-GWP (global warming potential) refrigerants.
Energy, 68, 819-831.

Li, X., Zhu, D., & Wang, X. (2007). Evaluation on dispersion behavior of the aqueous
copper nano-suspensions. Journal of Colloid and Interface Science, 310(2), 456-
463.

Li, Y., Tung, S., Schneider, E., & Xi, S. (2009). A review on development of nanofluid
preparation and characterization. Powder technology, 196(2), 89-101.

Li, Z., Liang, K., & Jiang, H. (2019). Experimental study of R1234yf as a drop-in
replacement for R134a in an oil-free refrigeration system. Applied Thermal
Engineering, 153, 646-654.

Lin, L., Peng, H., Chang, Z., & Ding, G. (2017). Experimental research on degradation
of nanolubricant-refrigerant mixture during continuous alternation processes of
condensation and evaporation. International Journal of Refrigeration, 76, 97-108.

Liu, G., Li, X, Qin, B., Xing, D., Guo, Y., & Fan, R. (2004). Investigation of the mending
effect and mechanism of copper nano-particles on a tribologically stressed
surface. Tribology Letters, 17(4), 961-966.

Liu, H., Zhou, Q., Liu, Y., Wang, P., & Wang, D. (2015). Experimental study on cooling
performance of air conditioning system with dual independent evaporative
condenser. International Journal of Refrigeration, 55, 85-92.

Luo, J., & Zhou, X. (2020). Superlubricitive engineering—~Future industry nearly getting
rid of wear and frictional energy consumption. Friction, 8(4), 643-665.

Luo, T., Wei, X., Huang, X., Huang, L., & Yang, F. (2014a). Tribological properties of
Al>O3 nanoparticles as lubricating oil additives. Ceramics International, 40(5),
7143-7149.

Luo, T., Wei, X., Zhao, H., Cai, G., & Zheng, X. (2014b). Tribology properties of
Al,03/TiO2 nanocomposites as lubricant additives. Ceramics International,
40(7), 10103-10109.

Mahbubul, I. M., Elcioglu, E. B., Saidur, R., & Amalina, M. (2017). Optimization of
ultrasonication period for better dispersion and stability of TiO>—water nanofluid.
Ultrasonics sonochemistry, 37, 360-367.

Mahbubul, I. M., Fadhilah, S. A., Saidur, R., Leong, K. Y., & Amalina, M. A. (2013a).
Thermophysical properties and heat transfer performance of Al,O3/R-134a
nanorefrigerants. International Journal of Heat and Mass Transfer, 57(1), 100-
108.

Mahbubul, I. M., Saidur, R., & Amalina, M. (2012). Latest developments on the viscosity
of nanofluids. International Journal of Heat and Mass Transfer, 55(4), 874-885.

196



Mahbubul, 1. M., Saidur, R., & Amalina, M. A. (2013b). Heat transfer and pressure drop
characteristics of Al20s-R141b nanorefrigerant in horizontal smooth circular
tube. Procedia Engineering, 56, 323-329.

Mahbubul, 1. M., Saidur, R., & Amalina, M. A. (2013c). Influence of particle
concentration and temperature on thermal conductivity and viscosity of
Al,03/R141b nanorefrigerant. International Communications in Heat and Mass
Transfer, 43, 100-104.

Manna, 1. (2012). Synthesis, characterization and application of nanofluid—an overview.
Journal of the Indian Institute of Science, 89(1), 21-33.

Manoj Babu, A., Nallusamy, S., & Rajan, K. (2016). Experimental analysis on vapour
compression refrigeration system using nanolubricant with HFC-134a
refrigerant. Paper presented at the Nano Hybrids.

Mansour, M. K., Musa, M. N., Hassan, M. N. W., & Sagr, K. M. (2008). Development
of novel control strategy for multiple circuit, roof top bus air conditioning system
in hot humid countries. Energy Conversion and Management, 49(6), 1455-1468.

Marko, M., Kyle, J., Branson, B., & Terrell, E. (2015). Tribological improvements of
dispersed nanodiamond additives in lubricating mineral oil. Journal of Tribology,
137(2).

Masaki, K. (2014). Recent Air-Conditioning Technologies for Environment-Friendly
Vehicles. Denso Tech, 19:117-22.

Masuda, H., Ebata, A., & Teramae, K. (1993). Alteration of thermal conductivity and
viscosity of liquid by dispersing ultra-fine particles. Dispersion of Al203, SiO;
and TiO2 ultra-fine particles.

Matlock, P. L., Brown, W. L., & Clinton, N. A. (1999). Polyalkylene glycols. Chemical
Industries-New York-Marcel Dekker 159-194.

Maxwell, J. C. (1904). A Treatise on Electricity and Magnetism (Vol. (2nd ed.)).
Cambridge, U.K.: Oxford University Press.

Mebarki, B., Draoui, B., & Allaoua, B. (2014). Investigation on Electric Air-
Conditioning System Energy Consumption of an Electric Vehicle Powered by Li-
ion Battery. Advances in Automobile Engineering, 108(3).

Meng, Z., Zhang, H., Lei, M., Qin, Y., & Qiu, J. (2018). Performance of low GWP
R1234yf/R134a mixture as a replacement for R134a in automotive air
conditioning systems. International Journal of Heat and Mass Transfer, 116,
362-370.

Moldoveanu, G. M., Huminic, G., Minea, A. A., & Huminic, A. (2018). Experimental
study on thermal conductivity of stabilized Al>O3 and SiO, nanofluids and their
hybrid. International Journal of Heat and Mass Transfer, 127, 450-457.

Mortier, R. M., Orszulik, S. T., & Fox, M. F. (2010). Chemistry and Technology of
Lubricants (Vol. 107115). New York: Springer.

Mukherjee, S. (2013). Preparation and Stability of Nanofluids-A Review. IOSR Journal
of Mechanical and Civil Engineering, 9(2), 63-69.

Mukherjee, S., & Paria, S. (2013). Preparation and stability of nanofluids-A Review.
IOSR Journal of Mechanical and civil engineering, 9(2), 63-69.

Myers, R. H., Montgomery, D. C., & Anderson-Cook, C. M. (2016). Response surface
methodology: process and product optimization using designed experiments.
New Jersey: John Wiley & Sons.

Nabil, M. F., Azmi, W. H., Hamid, K. A., & Mamat, R. (2018). Experimental
investigation of heat transfer and friction factor of TiO2-SiO2 nanofluids in

197



water:ethylene glycol mixture. International Journal of Heat and Mass Transfer,
124, 1361-13609.

NAP. (2014). National Automotive Policy. Malaysia Automotive Robotics and loT
Institute

O'hayre, R., Cha, S.-W., Colella, W., & Prinz, F. B. (2016). Fuel cell fundamentals: John
Wiley & Sons.

Oh, B.-R., Seo, J.-W., Choi, M. H., & Kim, C. H. (2008). Optimization of culture
conditions for 1, 3-propanediol production from crude glycerol by Klebsiella
pneumoniae using response surface methodology. Biotechnology and Bioprocess
Engineering, 13(6), 666-670.

Pak, B. C., & Cho, Y. I. (1998). Hydrodynamic and heat transfer study of dispersed fluids
with submicron metallic oxide particles. Experimental Heat Transfer, 11(2), 151-
170.

Pandian, M., Sivapirakasam, S., & Udayakumar, M. (2011). Investigation on the effect
of injection system parameters on performance and emission characteristics of a
twin cylinder compression ignition direct injection engine fuelled with pongamia
biodiesel-diesel blend using response surface methodology. Applied Energy,
88(8), 2663-2676.

Pansini, A. J. (1999). Electrical transformers and power equipment: The Fairmont Press,
Inc.

Park, C., Lee, H., Hwang, Y., & Radermacher, R. (2015). Recent advances in vapor
compression cycle technologies. International Journal of Refrigeration, 60, 118-
134.

Park, K.-J., & Jung, D. (2007). Boiling heat transfer enhancement with carbon nanotubes
for refrigerants used in building air-conditioning. Energy and Buildings, 39(9),
1061-1064.

Peng, H., Ding, G., Hu, H., Jiang, W., Zhuang, D., & Wang, K. (2010b). Nucleate pool
boiling heat transfer characteristics of refrigerant/oil mixture with diamond
nanoparticles. International Journal of Refrigeration, 33(2), 347-358.

Peng, H., Ding, G., Jiang, W., Hu, H., & Gao, Y. (2009). Heat transfer characteristics of
refrigerant-based nanofluid flow boiling inside a horizontal smooth tube.
International Journal of Refrigeration, 32(6), 1259-1270.

Pico, D. F. M, da Silva, L. R. R., Schneider, P. S., & Bandarra Filho, E. P. (2019).
Performance evaluation of diamond nanolubricants applied to a refrigeration
system. International Journal of Refrigeration, 100, 104-112.

Qi, Z. (2014). Advances on air conditioning and heat pump system in electric vehicles—
A review. Renewable and Sustainable Energy Reviews, 38, 754-764.

Qu, M., Yao, Y., He, J., Ma, X., Feng, J., Liu, S., Hou, L., & Liu, X. (2017). Tribological
study of polytetrafluoroethylene lubricant additives filled with Cu microparticles
or SiO2 nanoparticles. Tribology International, 110, 57-65.

Raina, A., & Anand, A. (2018). Lubrication performance of synthetic oil mixed with
diamond nanoparticles: effect of concentration. Materials Today: Proceedings,
5(9), 20588-20594.

Rapoport, L., Leshchinsky, V., Lvovsky, M., Nepomnyashchy, O., Volovik, Y., & Tenne,
R. (2002). Mechanism of friction of fullerenes. Industrial Lubrication and
Tribology.

Ratts, E. B., & Brown, J. S. (2000). An experimental analysis of cycling in an automotive
air conditioning system. Applied Thermal Engineering, 20(11), 1039-1058.

198



Redhwan, A. A. M., Azmi, W. H., Najafi, G., Sharif, M. Z., & Zawawi, N. N. M. (2019a).
Application of response surface methodology in optimization of automotive air-
conditioning performance operating with SiO2/PAG nanolubricant. Journal of
Thermal Analysis and Calorimetry, 135(2), 1269-1283.

Redhwan, A. A. M., Azmi, W. H., Sharif, M. Z., & Mamat, R. (2016). Development of
nanorefrigerants for various types of refrigerant based: A comprehensive review
on performance. International Communications in Heat and Mass Transfer, 76,
285-293.

Redhwan, A. A. M., Azmi, W. H., Sharif, M. Z., Mamat, R., Samykano, M., & Najafi,
G. (2019b). Performance improvement in mobile air conditioning system using
Al>,03/PAG nanolubricant. Journal of Thermal Analysis and Calorimetry, 135(2),
1299-1310.

Redhwan, A. A. M., Azmi, W. H., Sharif, M. Z., Mamat, R., & Zawawi, N. N. M. (2017).
Comparative study of thermo-physical properties of SiO2 and Al>O3 nanoparticles
dispersed in PAG lubricant. Applied Thermal Engineering, 116, 823-832.

Redhwan, A. A. M., Azmi, W. H., Sharif, M. Z., Zawawi, N. N. M., & Ariffin, S. Z.
(2020a). Utilization of Response Surface Method (RSM) in Optimizing
Automotive Air Conditioning (AAC) Performance Exerting Al2O3/PAG
Nanolubricant. Paper presented at the Journal of Physics: Conference Series.

Redhwan, A. A. M., Azmi, W. H., Sharif, M. Z., Zawawi, N. N. M., Zulkarnain, O. W.,
& Aminullah, A. R. M. (2020b). The effect of Al,O3/PAG nanolubricant towards
automotive air conditioning (AAC) power consumption. Paper presented at the
IOP Conference Series: Materials Science and Engineering.

Riffat, S., Afonso, C., Oliveira, A.,, & Reay, D. (1997). Natural refrigerants for
refrigeration and air-conditioning systems. Applied Thermal Engineering, 17(1),
33-42.

Roscher, M. A., Leidholdt, W., & Trepte, J. (2012). High efficiency energy management
in BEV applications. International Journal of Electrical Power & Energy
Systems, 37(1), 126-130.

Rudyak, V. Y. (2013). Viscosity of nanofluids. Why it is not described by the classical
theories. Advances in nanoparticles, 2(03), 266.

Rugh, J. P., Hendricks, T. J., & Koram, K. (2001). Effect of solar reflective glazing on
Ford Explorer climate control, fuel economy, and emissions. Paper presented at
the Proceedings of the International Body Engineering Conference.

Rugh, J. P., Hovland, V., & Andersen, S. O. (2004). Significant fuel savings and emission
reductions by improving vehicle air conditioning. Mobile Air Conditioning
Summit, Washington, DC.

Sabareesh, R. K., Gobinath, N., Sajith, V., Das, S., & Sobhan, C. (2012). Application of
TiO2 nanoparticles as a lubricant-additive for vapor compression refrigeration
systems—An experimental investigation. International Journal of Refrigeration,
35(7), 1989-1996.

SAEJ2765, S. I. S. (2008). SAEJ2765-Procedure for Measuring System COP
[Coefficient of Performance] of a Mobile Air Conditioning System on a Test
Bench (pp. 20): SAE internationals.

Saidur, R., Kazi, S., Hossain, M., Rahman, M., & Mohammed, H. (2011). A review on
the performance of nanoparticles suspended with refrigerants and lubricating oils
in refrigeration systems. Renewable and Sustainable Energy Reviews, 15(1), 310-
323.

199



Samantara, A. K., & Ratha, S. (2017). Materials development for Active/Passive
components of a supercapacitor: background, present status and future
perspective.

Sarbu, I. (2014). A review on substitution strategy of non-ecological refrigerants from
vapour compression-based refrigeration, air-conditioning and heat pump systems.
International Journal of Refrigeration, 46, 123-141.

Schmitt, M., Limage, S., Denoyel, R., & Antoni, M. (2017). Effect of SPANS8O on the
structure of emulsified aqueous suspensions. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 521, 121-132.

Sendil, K. D., & Elansezhian, R. (2012). Experimental study on Al>03-R134a nano
refrigerant in refrigeration system. International Journal of Modern Engineering
Research, 2(5), 3927-3929.

Sendil, K. D., & Elansezhian, R. (2014). ZnO nanorefrigerant in R152a refrigeration
system for energy conservation and green environment. Frontiers of Mechanical
Engineering, 9(1), 75-80.

Sgroi, M., Gili, F., Mangherini, D., Lahouij, I., Dassenoy, F., Garcia, I., Odriozola, I., &
Kraft, G. (2015). Friction Reduction Benefits in Valve-Train System Using IF-
MoS2 Added Engine Oil. Tribology Transactions, 58(2), 207-214.

Shahnazar, S., Bagheri, S., & Abd Hamid, S. B. (2016). Enhancing lubricant properties
by nanoparticle additives. International journal of hydrogen energy, 41(4), 3153-
3170.

Sharif, M. Z., Azmi, W. H., Mamat, R., & Shaiful, A. 1. M. (2018). Mechanism for
improvement in refrigeration system performance by using nanorefrigerants and
nanolubricants—A review. International Communications in Heat and Mass
Transfer, 92, 56-63.

Sharif, M. Z., Azmi, W. H., Redhwan, A. A. M., & Mamat, R. (2016). Investigation of
thermal conductivity and viscosity of Al.O3/PAG nanolubricant for application in
automotive air conditioning system. International Journal of Refrigeration, 70,
93-102.

Sharif, M. Z., Azmi, W. H., Redhwan, A. A. M., Mamat, R., & Najafi, G. (2019). Energy
saving in automotive air conditioning system performance using SiO2/PAG
nanolubricants. Journal of Thermal Analysis and Calorimetry, 135(2), 1285-
1297.

Sharif, M. Z., Azmi, W. H., Redhwan, A. A. M., Mamat, R., & Yusof, T. (2017a).
Performance analysis of SiO2/PAG nanolubricant in automotive air conditioning
system. International Journal of Refrigeration, 75, 204-216.

Sharif, M. Z., Azmi, W. H., Redhwan, A. A. M., Zawawi, N. N. M., & Mamat, R.
(2017b). Improvement of nanofluid stability using 4-step UV-vis spectral
absorbency analysis. Journal of Mechanical Engineering, 233-247.

Sharif, M. Z., Azmi, W. H., Zawawi, N. N. M., & Ghazali, M. F. (2022). Comparative
air conditioning performance using SiOz and Al203 nanolubricants operating with
Hydrofluoroolefin-1234yf refrigerant. Applied Thermal Engineering, 205,
118053.

Sidik, N. A. C., Mohammed, H., Alawi, O. A., & Samion, S. (2014). A review on
preparation methods and challenges of nanofluids. International Communications
in Heat and Mass Transfer, 54, 115-125.

Singer, L. E. (2016). International Energy Outlook 2016 With Projections to 2040
Chapter 2 : Petroleum and other liquid fuels (pp. 19-35).

200



https://www.eia.gov/outlooks/ieo/: U.S. Energy Information Administration
(EIA).

Singh, S., & Abbassi, H. (2018). 1D/3D transient HVAC thermal modeling of an off-
highway machinery cabin using CFD-ANN hybrid method. Applied Thermal
Engineering, 135, 406-417.

Sreejith, K. (2013). Experimental Investigation of A Domestic Refrigerator Having
Water-Cooled Condenser Using Various Compressor Qils. International Journal
of Engineering and Science, Vols, 2, 27-31.

Subramani, N., & Prakash, M. (2011). Experimental studies on a vapour compression
system using nanorefrigerants. International Journal of Engineering, Science and
Technology, 3(9), 95-102.

Sukri, M., Musa, M., Senawi, M., & Nasution, H. (2015). Achieving a better energy-
efficient automotive air-conditioning system: a review of potential technologies
and strategies for vapor compression refrigeration cycle. Energy Efficiency, 8(6),
1201-1229.

Sun, B., & Yang, D. (2013). Experimental study on the heat transfer characteristics of
nanorefrigerants in an internal thread copper tube. International Journal of Heat
and Mass Transfer, 64, 559-566.

Sundar, L. S., Irurueta, G., Ramana, E. V., Singh, M. K., & Sousa, A. (2016). Thermal
conductivity and viscosity of hybrid nanfluids prepared with magnetic
nanodiamond-cobalt oxide (ND-Co0304) nanocomposite. Case studies in thermal
engineering, 7, 66-77.

Suryawanshi, S. R., & Pattiwar, J. T. (2019). Tribological performance of commercial
Mobil grade lubricants operating with titanium dioxide nanoparticle additives.
Industrial Lubrication and Tribology.

Tang, H., Xiang, D., Wang, F., Mao, J., Tan, X., & Wang, Y. (2017). 5-ASA-loaded SiO>
nanoparticles-a novel drug delivery system targeting therapy on ulcerative colitis
in mice. Molecular medicine reports, 15(3), 1117-1122.

Tang, Z., & Li, S. (2014). A review of recent developments of friction modifiers for liquid
lubricants (2007—present). Current opinion in solid state and materials science,
18(3), 119-139.

Tao, X., Jiazheng, Z., & Kang, X. (1996). The ball-bearing effect of diamond
nanoparticles as an oil additive. Journal of Physics D: Applied Physics, 29(11),
2932.

Tian, C., & Li, X. (2005). Numerical simulation on performance band of automotive air
conditioning system with a variable displacement compressor. Energy conversion
and management, 46(17), 2718-2738.

Tie, S. F., & Tan, C. W. (2013). A review of energy sources and energy management
system in electric vehicles. Renewable and Sustainable Energy Reviews, 20, 82-
102.

Timofeeva, E. V., Gavrilov, A. N., McCloskey, J. M., Tolmachev, Y. V., Sprunt, S.,
Lopatina, L. M., & Selinger, J. V. (2007). Thermal conductivity and particle
agglomeration in alumina nanofluids: Experiment and theory. Physical Review E,
76(6), 061203.

Tsuzuki, T. (2009). Commercial scale production of inorganic nanoparticles.
International journal of nanotechnology, 6(5-6), 567-578.

Tuomas, R. (2006). Properties of oil and refrigerant mixtures : lubrication of ball
bearings in refrigeration compressors. (2006:70 Doctoral thesis, comprehensive

201


https://www.eia.gov/outlooks/ieo/

summary), Luled tekniska  universitet, Luled.  Retrieved  from
http://urn.kb.se/resolve?urn=urn:nbn:se:ltu:diva-17007 DiVA database.

Vaghela, J. K. (2017). Comparative evaluation of an automobile air-conditioning system
using R134a and its alternative refrigerants. Energy Procedia, 109, 153-160.

Wang, B. X., Zhou, L. P., & Peng, X. F. (2003). A fractal model for predicting the
effective thermal conductivity of liquid with suspension of nanoparticles.
International Journal of Heat and Mass Transfer, 46(14), 2665-2672.

Wang, R., Wu, Q., & Wu, Y. (2010). Use of nanoparticles to make mineral oil lubricants
feasible for use in a residential air conditioner employing hydro-fluorocarbons
refrigerants. Energy and Buildings, 42(11), 2111-2117.

Wang, X., Xu, X., & S. Choi, S. U. (1999). Thermal Conductivity of Nanoparticle - Fluid
Mixture. Journal of Thermophysics and Heat Transfer, 13(4), 474-480.

Williams, J. A., & Le, H. R. (2006). Tribology and MEMS. Journal of Physics D: Applied
Physics, 39(12), R201-R214.

Wongwises, S., Kamboon, A., & Orachon, B. (2006). Experimental investigation of
hydrocarbon mixtures to replace HFC-134a in an automotive air conditioning
system. Energy Conversion and Management, 47(11-12), 1644-1659.

Wu, M., Yuan, X., Xu, Y., Qiao, X., Han, X., & Chen, G. (2014). Cycle performance
study of ethyl fluoride in the refrigeration system of HFC-134a. Applied energy,
136, 1004-1009.

Xie, H., Jiang, B., He, J., Xia, X., & Pan, F. (2016). Lubrication performance of MoS2
and SiO2 nanoparticles as lubricant additives in magnesium alloy-steel contacts.
Tribology International, 93, 63-70.

Xing, M., Wang, R., & Yu, J. (2014). Application of fullerene C60 nano-oil for
performance enhancement of domestic refrigerator compressors. International
Journal of Refrigeration, 40, 398-403.

Yadav, G., Tiwari, S., & Jain, M. (2018). Tribological analysis of extreme pressure and
anti-wear properties of engine lubricating oil using four ball tester. Materials
Today: Proceedings, 5(1), 248-253.

Yildiz, G., Agbulut, U., & Glrel, A. E. (2021). A review of stability, thermophysical
properties and impact of using nanofluids on the performance of refrigeration
systems. International Journal of Refrigeration.

Yoo, S. Y., & Lee, D. W. (2009). Experimental study on performance of automotive air
conditioning system using R-152a refrigerant. International Journal of
Automotive Technology, 10(3), 313-320.

Yu, P. Y., & Chang, Y. C. (2002). Influence of lubricant viscosity of POES on the
performance of hermetic reciprocating compressors.

Yu, W., & Choi, U. S. (2003). The role of interfacial layers in the enhanced thermal
conductivity of nanofluids: A renovated Maxwell model. Journal of
Nanoparticles Research, 5(1-2), 167-171.

Yu, W., & Xie, H. (2012). A review on nanofluids: preparation, stability mechanisms,
and applications. Journal of nanomaterials, 2012, 1.

Yuji, Y., & Masato, T. (2004). Development of hybrid compressor: SAE Technical Paper.

Yusof, T., & Yusoff, A. (2011). Analysis for Optimum Refrigerant Charge of a Mini Bar
Refrigerator Using Experimental Method. Journal of Engineering & Technology,
4,1-12.

Yusof, T. M., Arshad, A. M., Suziyana, M. D., Chui, L. G., & Basrawi, M. F. (2015).
Experimental study of a domestic refrigerator with POE-AIl>Os nanolubricant.

202


http://urn.kb.se/resolve?urn=urn:nbn:se:ltu:diva-17007

International Journal of Automotive and Mechanical Engineering, 11, 2243-
2252.

Yusof, T. M., & Azizuddin, A. (2010). Performance Analysis Of A Domestic
Refrigerator.

Yusri, I. M., Mamat, R., Azmi, W. H., Najafi, G., Sidik, N. A. C., & Awad, O. I. (2016).
Experimental investigation of combustion, emissions and thermal balance of
secondary butyl alcohol-gasoline blends in a spark ignition engine. Energy
Conversion and Management, 123, 1-14.

Zakaria, 1., Azmi, W. H., Mamat, A. M. |, Mamat, R., Saidur, R., Abu Talib, S. F., &
Mohamed, W. A. N. W. (2016). Thermal analysis of Al.Oz—water ethylene glycol
mixture nanofluid for single PEM fuel cell cooling plate: An experimental study.
International Journal of Hydrogen Energy, 41(9), 5096-5112.

Zakaria, l., Mohamed, W. A. N. W., Azmi, W. H., Mamat, A. M. |., Mamat, R., & Daud,
W. R. W. (2018). Thermo-electrical performance of PEM fuel cell using Al.O3
nanofluids. International Journal of Heat and Mass Transfer, 119, 460-471.

Zarizi, M. A. N., Zakaria, I. A., Johari, M. N. I., Wan Mohamed, W. A. N., & Ahsan
Shah, R. M. R. (2022). Thermo-Electrical Behavior of Al,O3 and SiO2 Nanofluids
in a Proton-Exchange Membrane Fuel Cell (PEMFC) Cooling Channel. Pertanika
Journal of Science & Technology, 30(2).

Zawawi, N., Azmi, W., Redhwan, A., Sharif, M., & Samykano, M. (2018). Experimental
investigation on thermo-physical properties of metal oxide composite
nanolubricants. International Journal of Refrigeration, 89, 11-21.

Zawawi, N., Azmi, W., Redhwan, A., Sharif, M., & Sharma, K. (2017a). Thermo-
physical properties of Al.O3-SiO2/PAG composite nanolubricant for refrigeration
system. International Journal of Refrigeration, 80, 1-10.

Zawawi, N., Azmi, W., Sharif, M., & Najafi, G. (2019). Experimental investigation on
stability and thermo-physical properties of Al20s-SiO2/PAG nanolubricants with
different nanoparticle ratios. Journal of Thermal Analysis and Calorimetry,
135(2), 1243-1255.

Zawawi, N. N. M., Azmi, W. H., & Ghazali, M. F. (2022a). Performance of Al>Os-
SiO2/PAG composite nanolubricants in automotive air-conditioning system.
Applied Thermal Engineering, 204, 117998.

Zawawi, N. N. M., Azmi, W. H., & Ghazali, M. F. (2022b). Tribological performance of
Al>03-Si02/PAG composite nanolubricants for application in air-conditioning
compressor. Wear, 492, 492-493.

Zawawi, N. N. M., Azmi, W. H., Redhwan, A. A. M., Ramadhan, A. I., & Ali, H. M.
(2022c). Optimization of Air Conditioning Performance with Al,03-SiO2/PAG
Composite Nanolubricants Using the Response Surface Method. Lubricants,
10(10), 243.

Zawawi, N. N. M., Azmi, W. H., Redhwan, A. A. M., & Sharif, M. Z. (2017b). Coefficient
of friction and wear rate effects of different composite nanolubricant
concentrations on Aluminium 2024 plate. Paper presented at the IOP Conference
Series: Materials Science and Engineering.

Zhang, Z., Wang, J., Feng, X., Chang, L., Chen, Y., & Wang, X. (2018). The solutions
to electric vehicle air conditioning systems: a review. Renewable and Sustainable
Energy Reviews, 91, 443-463.

203



Zhou, J., Yang, J., Zhang, Z., Liu, W., & Xue, Q. (1999). Study on the structure and
tribological properties of surface-modified Cu nanoparticles. Materials Research
Bulletin, 34(9), 1361-1367.

Zulkifli, A. A., Dahlan, A. A., Zulkifli, A. H., Nasution, H., Aziz, A. A., Perang, M. R.
M., Jamil, H. M., & Misseri, M. N. (2015). Impact of the electric compressor for
automotive air conditioning system on fuel consumption and performance
analysis. IOP Conference Series: Materials Science and Engineering, 100,
012028.

204



