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ABSTRAK 

Kipas penyejuk yang beroperasi pada kelajuan tinggi sering digunakan untuk mengawal 

suhu cecair penyejuk dengan memastikan aliran udara yang mencukupi melalui radiator 

automotif, terutamanya ketika kenderaan beroperasi pada kelajuan rendah atau dalam 

keadaan normal. Walaubagaimanapun, kesan sampingan yang tidak diingini daripada 

kipas ini telah menjana getaran yang disebabkan oleh aliran udara dan getaran mekanikal, 

yang merupakan gangguan kepada persekitaran khususnya kepada penumpang. Selain 

itu, cecair penyejuk yang mengalir di dalam tiub radiator juga menghasilkan getaran di 

dalam sesebuah sistem kerana ketidakseimbangan hidraulik. Konfigurasi aliran yang 

tinggi dan sifat cecair penyejuk yang likat ini juga turut menjejaskan tahap getaran. Tesis 

ini membentangkanan alisis eksperimen dan teori untuk menyiasat perubahan ciri-ciri 

getaran yang diukur dan tahap bunyi pada radiator automotive hasil daripada variasi 

kadar aliran cecair penyejuk, kelajuan kipas penyejuk dan jenis cecair penyejuk yang 

berlainan. Ia juga untuk mengenalpasti hubungan antara getaran dan bunyi yang 

dihasilkan oleh variasi kadar alir cecair penyejuk, kelajuan kipas penyejukan dan jenis 

penyejuk sekaligus mengetahui lokasi tahap tekanan bunyi maksimum (SPL) radiator 

automotif. Air (100%) dan Etilena Glikol (EG)-berasaskan air (40:60) digunakan sebagai 

cecair kerja yang beroperasi dengan suhu enjin dari 80 hingga 90 ℃. Kelajuan kipas 

penyejukan radiator berubah daripada 250 hingga 1250 RPM dengan kadar aliran cecair 

penyejuk yang beroperasi dari 8.0 hingga 14.0 L/min. Pengukuran getaran menggunakan 

sensor “accelerometer” sementara analisis bunyi dijalankan dengan menggunakan 

kaedah pemetaan intensity bunyi menggunakan ½ inci sepasang mikrofon sebagai sensor. 

Dalam analisis getaran, hasil getaran meningkat 4-18% apabila kadar aliran cecair 

penyejuk meningkat disebabkan oleh gerakan dinamik aliran bendalir yang meningkat di 

dalam tiub radiator. Terdapat peningkatan yang lebih besar (2-21%) halaju getaran 

apabila kelajuan kipas berputar pada kelajuan tinggi yang mana menghasilkan lebih 

banyak pergeseran. Selain itu, terdapat sedikit peningkatan 4-10% dalam tahap getaran 

apabila kelikatan cecair penyejuk meningkat oleh kerana daya penolakan meningkat. 

Dalam analisis bunyi, paras kebisingan dijana dalam julat kekerapan daripada 25 hingga 

10 kHz. Hasil keputusan SPL sangat dipengaruhi oleh kelajuan putaran kipas di mana 

bunyi radiasi daripada 750 hingga 1250 RPM menjadi penyebab yang paling ketara 

terhadap bunyi sistem radiator keseluruhan dengan sekitar peningkatan 32 dBA apabila 

kelajuan kipas dipertingkatkan. Nilai SPL meningkat dalam lingkungan 10 dBA apabila 

kadar alir cecair penyejuk dan kelikatan cecair penyejuk di tingkatkan. Lokasi SPL 

maksimum telah dikenalpasti dan kebanyakannya adalah terletak di bahagian tepi 

permukaan sedutan. Kesimpulannya, bunyi meningkat apabila getaran meningkat dan 

kipas penyejukan yang berputar pada kelajuan tinggi adalah penyumbang utama kepada 

bunyi radiator keseluruhan, seterusnya diikuti oleh kadar aliran dan kelikatan cecair 

penyejuk yang tinggi. 
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ABSTRACT 

High speed of cooling fan operation is frequently used to manage the coolant temperature 

by ensuring adequate air flow through an automotive radiator, especially at low vehicle 

speeds or idle. However, an undesirable side effect of these fans is generation of flow-

induced vibration and mechanical vibration, which is an annoyance to the society 

specifically to the passengers. Besides, internal flow of coolant inside the radiator’s tube 

also generates the vibrations into the system due to hydraulic imbalance. High flow 

configurations and high viscous properties of this coolant particularly affected the 

vibrations level. This thesis presents the experimental and theoretical analysis to 

investigate the changes in the characteristics of vibration measured and noise level on an 

automotive radiator resulting from variations of coolant flow rate, cooling fan speed and 

different type of coolant fluids. Also, this study aims to analyse the relationship between 

vibration and noise due to change in coolant flow rate, cooling fan speed and different 

types of coolant fluids hence the location of maximum sound pressure level (SPL) of 

automotive radiator can be identified. Water (100%) and Ethylene Glycol (EG)-water 

based (40:60) was used as working fluids operate with engine temperature range from 80 

to 90 ℃. The radiator cooling fan speed were varied from 250 to 1250 RPM with coolant 

flow rates operating from 8.0 to 14.0 L/min. The measurement of vibrations used an 

accelerometer as a sensor while noise analysis is carried out by utilizing sound intensity 

mapping method where ½ inch a pair of microphones is used as a sensor. In vibration 

analysis, the vibration result increases 4-18 % when the coolant flow rate increases due 

to the dynamic motion of fluid flow inside the radiator’s tube increases. There is a larger 

increase (2-21 %) of vibration velocity when the fan speed increases which caused by 

high rotating fan speed that produced more frictions. Moreover, there is a slightly 

increased 4-10 % in vibrations level when the viscosity of coolant increases because of 

the repulsion force increases. In noise analysis, the noise level is generated in the 

frequency range from 25 to 10 kHz. The SPL result is strongly influenced by the 

rotational fan speed where the radiation noise from 750 to 1250 RPM makes the most 

significant contribution to overall noise of radiator system with around 32 dBA increases 

when increasing the fan speeds. The SPL value increases within 10 dBA when the coolant 

flow rate and coolant viscosity increase. The location of maximum SPL is identified and 

most located on the blade trailing edge area of the suction surface. In conclusion, noise 

increase when the vibration increased and high rotating of cooling fan speed is a dominant 

contributor to overall radiator noise, then it is followed by high coolant flow rates and 

high viscosity of coolant fluids. 



v 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES ix 

LIST OF FIGURES xi 

LIST OF SYMBOLS xiii 

LIST OF ABBREVIATIONS xiv 

CHAPTER 1 INTRODUCTION 1 

1.1 Introduction 1 

1.2 Project Background 1 

1.3 Problem Statement 3 

1.4 Project Objective 4 

1.5 Project Scope of Works 4 

1.6 Thesis Organization 4 

CHAPTER 2 LITERATURE REVIEW 6 

2.1 Introduction 6 

2.2 Working Principle of Automotive Radiator System 6 

2.3 Overview of Noise and Vibration Analysis for Mechanical Applications 11 



vi 

2.4 Noise and Vibration Analysis by Internal Fluid Flow 14 

2.4.1 Effect of Change in Flow Rate on Noise and Vibrations Level 17 

2.4.2 Effects of Viscosity on Noise and Vibration Level 18 

2.4.3 Analytical Process of Internal Fluid Flow (Coolant Side) 20 

2.5 Noise and Vibration Analysis by External Fluid Flow 21 

2.5.1 Analytical Process of External Fluid Flow (Air Side) 24 

2.6 Forcing Frequencies 24 

2.7 Noise Source Identification 26 

2.7.1 Sound Intensity 26 

2.7.2 Sound Intensity Mapping Measurements 28 

2.7.3 Other NSI Technique 30 

2.8 Summary of Literature Review 32 

CHAPTER 3 METHODOLOGY 33 

3.1 Introduction 33 

3.2 Flow Chart Methodology 33 

3.3 Automotive Radiator Test Rig Setup 35 

3.3.1 Radiator System (Test Section) 36 

3.3.2 Temperature Acquisition and Measurement 41 

3.4 Preparation of Vibration Device 42 

3.4.1 Uni-axial Accelerometer 42 

3.4.2 Calibrator of Accelerometer 43 

3.4.3 Modal Testing Equipment 44 

3.5 Preparation of Acoustic Device 45 

3.5.1 Hand-held Analyzer 45 

3.5.2 Sound Intensity Microphone Pair 46 



vii 

3.6 Experimental Procedure of Vibration and Intensity Mapping Measurement 47 

3.7 Data Analysation Technique 50 

3.7.1 Repeatability Data Analysis 51 

3.7.2 Standard Deviation Data Analysis 51 

3.7.3 Frequency Spectrum Analysis 52 

CHAPTER 4 RESULTS AND DISCUSSION 54 

4.1 Introduction 54 

4.2 Analytical Results of Internal Flow of Coolant 54 

4.3 Analytical Results of External Flow of Air 55 

4.4 Forcing Frequencies of Mechanical Excitations 55 

4.5 Natural Frequency of Automotive Radiator 56 

4.6 Vibration Analysis 57 

4.6.1 Effect of flow rate and cooling fan speed on vibration results 58 

4.6.2 Effect of viscosity on vibrations results 72 

4.7 Sound Intensity Mapping Analysis 77 

4.7.1 Effect of flow rate and cooling fan speed on SPL results 77 

4.7.2 Effect of viscosity on SPL results 93 

CHAPTER 5 CONCLUSION 96 

5.1 Introduction 96 

5.2 Vibrations Analysis Conclusions 96 

5.3 Noise Analysis Conclusions 97 

5.4 Contribution of Study 98 

5.5 Future Recommendation 99 

 



viii 

REFERENCES 100 

APPENDIX A  List of Publications 107 

APPENDIX B  Properties of Saturated Water 112 

APPENDIX C  Physical Properties of Secondary Coolants (Ethylene Glycol-

Water) 113 

APPENDIX D  Fan Bearing Characteristics Frequencies 114 

 

 



ix 

LIST OF TABLES 

Table 2.1 Automotive test rig design of experimental work by previous 

researches 9 

Table 2.2 Summary of noise and vibration analysis for mechanical 

applications 12 

Table 2.3 Summary of internal flow-induced vibration in heat transfer device 16 

Table 2.4 Summary of change in flow rate on vibration level 18 

Table 2.5 Summary of changeviscosity on vibration level 19 

Table 2.6 Summary of noise and vibration of cooling fan from previous 

studies 23 

Table 2.7 Summary of sound intensity mapping studies by previous 

researchers 29 

Table 2.8 Summary of other NSI technique used by previous researchers 31 

Table 3.1 Water pump specifications. 36 

Table 3.2 Dimensions for both conventional fan and radiator 39 

Table 3.3 Dimensions of radiator 40 

Table 3.4 Properties of coolant at T=80℃ 40 

Table 3.5 Fan bearing specifications. 40 

Table 4.1 Theoretical results for water 54 

Table 4.2 Theoretical results for EG-water based 55 

Table 4.3 Vortex shedding frequency results for external flow 55 

Table 4.4 The fan speeds during data collections. 56 

Table 4.5 Fan bearing characteristics frequencies. 56 

Table 4.6 Water pump characteristics frequencies. 56 

Table 4.7 Vibration velocity of 100 Hz at 0 RPM 60 

Table 4.8 Vibration velocity of 100 Hz at 250 RPM 62 

Table 4.9 Vibration velocity of 100 Hz at 500 RPM 64 

Table 4.10 Vibration velocity of 200 Hz at 500 RPM 64 

Table 4.11 Vibration velocity of 100 Hz at 750 RPM 66 

Table 4.12 Vibration velocity of 200 Hz at 750 RPM 66 

Table 4.13 Vibration velocity of 100 Hz at 1000 RPM 68 

Table 4.14 Vibration velocity of 200 Hz at 1000 RPM 68 

Table 4.15 Vibration velocity of 100 Hz at 1250 RPM 70 

Table 4.16 Vibration velocity of 200 Hz at 1250 RPM 70 

Table 4.17 SPL results at 8.0 L/min 82 



x 

Table 4.18 SPL results at 11.0 L/min 86 

Table 4.19 SPL results at 14.0 L/min 90 

Table 4.20 Level difference of SPL value between coolant types at different 

flow rate 95 

 



xi 

LIST OF FIGURES 

Figure 2.1 Schematic diagram of radiator system working process 7 

Figure 3.1 Flow chart of research activities 34 

Figure 3.2 Schematic diagram of experimental setup 35 

Figure 3.3 Automotive radiator test rig 36 

Figure 3.4 (a)Automotive radiator (b)Radiator cooling fan 37 

Figure 3.5 Actual geometry of fins in between each row of tubes 37 

Figure 3.6 A detailed diagram of a segment of radiator tubes 38 

Figure 3.7 A detailed schematic diagram of a tube 38 

Figure 3.8 Schematic diagram of ball bearing 41 

Figure 3.9 Location of thermocouple at (a)Inlet pipe of radiator (b)Outlet pipe 

of radiator 41 

Figure 3.10 Thermocouple arrangement of radiator surface 42 

Figure 3.11 Uni-axial accelerometer 43 

Figure 3.12 Accelerometer calibrator 43 

Figure 3.13 (a)Data Acquisition System Device (b)Tri-axial Accelerometer 44 

Figure 3.14 (a)PCB Impact Hammer (b)BNC Cable 44 

Figure 3.15 Hand-held analyzer type 2270 45 

Figure 3.16 Microphone pair type 4197 and spacers 46 

Figure 3.17 Sound Calibrator Type 4231 46 

Figure 3.18 Calibration of hand-held analyzer Type 2270 47 

Figure 3.19 (a)Placement of tri-axial accelerometer (b)Impact hammer testing 47 

Figure 3.20 (a)The placement of accelerometer (b)Enclose view of 

accelerometer 48 

Figure 3.21 Rectangular grid of car radiator by Hand-held analyzer 48 

Figure 3.22 Noise measurement technique during the experiment 49 

Figure 3.23 Front view of sound intensity measurement 49 

Figure 3.24 Cooling fan speed measurement using a tachometer 50 

Figure 3.25 Data distribution 52 

Figure 3.26 Converting vibration units (a)Acceleration-time domain 

(b)Velocity-time domain (c)Velocity-frequency domain 53 

Figure 4.1 Natural frequency of automotive radiator 57 

Figure 4.2 Frequency spectrum analysis 58 

Figure 4.3 Frequency spectrum at 0 RPM for water 59 

Figure 4.4 Frequency spectrum at 0 RPM for EG-water based 60 

file:///C:/Users/User/Desktop/NUR%20FARIZAH%20DIANA%20BINTI%20ABDUL%20RAZAK/NUR%20FARIZAH%20DIANA%20BINTI%20ABDUL%20RAZAK%20(After%20Check).docx%23_Toc46820781


xii 

Figure 4.5 Frequency spectrum at 250 RPM for water 61 

Figure 4.6 Frequency spectrum at 250 RPM for EG-water based 62 

Figure 4.7 Frequency spectrum at 500 RPM for water 63 

Figure 4.8 Frequency spectrum at 500 RPM for EG-water based 63 

Figure 4.9 Frequency spectrum at 750 RPM forwater 65 

Figure 4.10 Frequency spectrum at 750 RPM for EG-water based 65 

Figure 4.11 Frequency spectrum at 1000 RPM for water 67 

Figure 4.12 Frequency spectrum at 1000 RPM for EG-water based 67 

Figure 4.13 Frequency spectrum at 1250 RPM for water 69 

Figure 4.14 Frequency spectrum at 1250 RPM for EG-water based 69 

Figure 4.15 Vibration velocity of 100 Hz for water 71 

Figure 4.16 Vibration velocity of 100 Hz for EG-water based 72 

Figure 4.17 Velocity comparison at 0 RPM of fan speed 73 

Figure 4.18 Velocity comparison at 250RPM of fan speed 74 

Figure 4.19 Velocity comparison at 500 RPM of fan speed 75 

Figure 4.20 Velocity comparison at 750 RPM of fan speed 75 

Figure 4.21 Velocity comparison at 1000 RPM of fan speed 76 

Figure 4.22 Velocity comparison at 1250 RPM of fan speed 77 

Figure 4.23 Contour mapping under 8.0 L/min for water at (a)250 RPM (b)500 

RPM (c)750 RPM (d)1000 RPM (e)1250 RPM 79 

Figure 4.24 Schematic diagram of radiator cooling fan parts. 80 

Figure 4.25 Contour mapping at 8.0 L/min for EG-water based 81 

Figure 4.26 SPL comparison at different location of radiator surface and 

different fan speed at 8.0 L/min of (a)Water (b)EG-water based 83 

Figure 4.27 Contour mapping at 11.0 L/min for water 84 

Figure 4.28 Contour mapping at 11.0 L/min for EG-water based 85 

Figure 4.29 SPL comparison at different location of radiator surface and 

different fan speed at 11.0 L/min of (a)Water (b)EG-water based 87 

Figure 4.30 Contour mapping at 14.0 L/min for water 88 

Figure 4.31 Contour mapping at 14.0 L/min for EG-water based 89 

Figure 4.32 SPL comparison at different location of radiator surface and 

different fan speed at 14.0 L/min of (a)Water (b)EG-water based 91 

Figure 4.33 Effect of change in fan speed and coolant flow rate for (a)Water 

(b)EG-water based 92 

Figure 4.34 SPL comparison between coolant types at (a)8.0 L/min (b)11.0 

L/min (c)14.0 L/min 94 

 



xiii 

LIST OF SYMBOLS 

W Watt 

dB Decibel 

P Power 

I Intensity 

a Amplitude 

λ Wavelength 

f Frequency 

Hz Hertz 

T Period 

m Metre 

𝑝 Sound Pressure  

𝐿𝑒𝑞 Equivalent Continuous Sound Level 

𝑝𝑎(𝑡) A-weighted instantaneous acoustic pressure   

𝜌 Air density   

L w Sound Power Level   

𝑝0 Reference acoustic pressure 

𝜔 Angular Frequency 

∆𝑥 Separation distance between two microphones   

𝑆𝐼𝑥 Sound intensity at any point   

T Averaging time 

𝑤𝑥(t) Particle velocity   

ℎ(𝑡) Instantaneous sound pressures   

∆𝑓 Bandwidth 

     

 



xiv 

LIST OF ABBREVIATIONS 

NSI Noise Source Identification 

NI National Instrument 

SI Sound Intensity 

EG Ethylene Glycol 

SPL Sound Pressure Level 

FFT Fast Fourier Transform 

A2LL Advanced Auto Liquid Laboratory 

 

 



100 

REFERENCES 

Abdel-Rahman, S., & El-Shaikh, S. (2009). Diagnosis vibration problems of pumping 

stations: case studies. Paper presented at the 13th IWTC (International Water 

Technology Conference), March.  

 

Allam, S., & Åbom, M. (2015). Noise reduction for automotive radiator cooling fans. 

configurations, 15, 17.  

 

Au, F. T. K., & Wang, M. F. (2005). Sound radiation from forced vibration of rectangular 

orthotropic plates under moving loads. Journal of sound and vibration, 281(3), 

1057-1075.  

 

Bamidele, O. E., Ahmed, W. H., & Hassan, M. (2019). Two-phase flow induced vibration 

of piping structure with flow restricting orifices. International Journal of 

Multiphase Flow, 113, 59-70.  

 

Beranek, L. L., & Ver, I. L. (1992). Noise and vibration control engineering-principles 

and applications. Noise and vibration control engineering-Principles and 

applications John Wiley & Sons, Inc., 814 p., 1.  

 

Bhargava, V., Venigalla, H., & Ramakanth, J. J. I. J. o. A. P., e-ISSN. (2017). A Review 

of Trailing Edge Bluntness and Tip Noise Mechanism from Wind Turbine Blades. 

2278-4861.  

 

Bizjan, B., Milavec, M., Širok, B., Trenc, F., & Hočevar, M. (2016). Energy dissipation 

in the blade tip region of an axial fan. Journal of sound and vibration, 382, 63-72.  

 

Blake, W. (1986). Mechanics of flow-induced sound and vibration. Volume 1 General 

concepts and elementary source. Volume 2-Complex flow-structure interactions 

(Vol. 17). 

 

Brevart, B., & Fuller, C. (1993). Effect of an internal flow on the distribution of 

vibrational energy in an infinite fluid-filled thin cylindrical elastic shell. Journal 

of sound and vibration, 167(1), 149-163.  

 

Bruel, & Kjaer. (1993). Sound Intensity. Naerum, Denmark. 

 

Canepa, E., Cattanei, A., Mazzocut Zecchin, F., & Parodi, D. (2019). Large-scale 

unsteady flow structures in the leakage flow of a low-speed axial fan with rotating 

shroud. Experimental Thermal and Fluid Science, 102, 1-19. 

 

Carneal, J. P., Charette, F., & Fuller, C. R. (2004). Minimization of sound radiation from 

plates using adaptive tuned vibration absorbers. Journal of sound and vibration, 

270(4), 781-792.  

 

Crocker, M. J., Arenas, J. P., & Dyamannavar, R. E. (2004). Identification of noise 

sources on a residential split-system air-conditioner using sound intensity 

measurements. Applied Acoustics, 65(5), 545-558.  



101 

Das, P., Talukdar, S., Ziaul, S., Das, S., & Pal, S. (2019). Noise mapping and assessing 

vulnerability in meso level urban environment of Eastern India. Sustainable Cities 

and Society, 46, 101416.  

 

David, A., Hugues, F., Dauchez, N., & Perrey-Debain, E. (2018). Vibrational response 

of a rectangular duct of finite length excited by a turbulent internal flow. Journal 

of sound and vibration, 422, 146-160.  

 

Davy, J. L. (2010). Building Acoustics and Vibration—Theory and Practice. The Journal 

of the Acoustical Society of America, 127(2), 1168-1169.  

 

Delavari, V., & Hashemabadi, S. H. (2014). CFD simulation of heat transfer enhancement 

of Al2O3/water and Al2O3/ethylene glycol nanofluids in a car radiator. Applied 

Thermal Engineering, 73(1), 380-390.  

 

Devireddy, S., Mekala, C. S. R., & Veeredhi, V. R. (2016). Improving the cooling 

performance of automobile radiator with ethylene glycol water based TiO2 

nanofluids. International Communications in Heat and Mass Transfer, 78, 121-

126.  

 

Duan, D., Ge, P., & Bi, W. (2016). Numerical investigation on heat transfer performance 

of planar elastic tube bundle by flow-induced vibration in heat exchanger. 

International Journal of Heat and Mass Transfer, 103, 868-878.  

 

Durant, C., & Robert, G. (1998). Vibro-acoustic response of a pipe excited by a turbulent 

internal flow. Flow, turbulence and combustion, 61(1-4), 55-69.  

 

Durant, C., Robert, G., Filippi, P., & Mattei, P.-O. (2000). Vibroacoustic response of a 

thin cylindrical shell excited by a turbulent internal flow: comparison between 

numerical prediction and experimentation. Journal of sound and vibration, 229(5), 

1115-1155.  

 

Elias, M. M., Mahbubul, I. M., Saidur, R., Sohel, M. R., Shahrul, I. M., Khaleduzzaman, 

S. S., & Sadeghipour, S. (2014). Experimental investigation on the thermo-

physical properties of Al2O3 nanoparticles suspended in car radiator coolant. 

International Communications in Heat and Mass Transfer, 54(Supplement C), 48-

53.  

 

Evans, R. P., Blotter, J. D., & Stephens, A. G. (2004). Flow rate measurements using 

flow-induced pipe vibration. Journal of fluids engineering, 126(2), 280-285.  

 

Fahy, F. (2002). Sound intensity: CRC Press. 

 

Ginn, K. B., & Haddad, K. (2012). Noise source identification techniques: simple to 

advanced applications. Paper presented at the Acoustics 2012. 

 

Goetchius, G. M. (2010). 15 - Body structure noise and vibration refinement. In X. Wang 

(Ed.), Vehicle Noise and Vibration Refinement (pp. 351-386): Woodhead 

Publishing. 

 



102 

Hanif, M., & Rasid, A. (2008). Noise source identification of split unit air conditioner 

system. Universiti Malaysia Pahang,  

 

Hatami, M., Jafaryar, M., Zhou, J., & Jing, D. (2017). Investigation of engines radiator 

heat recovery using different shapes of nanoparticles in H2O/(CH2OH)2 based 

nanofluids. International Journal of Hydrogen Energy, 42(16), 10891-10900.  

 

Heris, S. Z., Shokrgozar, M., Poorpharhang, S., Shanbedi, M., & Noie, S. (2014). 

Experimental study of heat transfer of a car radiator with CuO/ethylene glycol-

water as a coolant. Journal of Dispersion Science and Technology, 35(5), 677-

684.  

 

Huang, H., Zou, M.-S., & Jiang, L.-W. (2019). Study on the integrated calculation 

method of fluid–structure interaction vibration, acoustic radiation, and 

propagation from an elastic spherical shell in ocean acoustic environments. Ocean 

Engineering, 177, 29-39.  

 

ISVR, K. K., & ISVR, D. T. (2007). Noise Source Identification Using Microphone 

Arrays.  

 

Jehle, G., & Fidlin, A. (2019). Hydrodynamic optimized vibration damper. Journal of 

sound and vibration, 440, 100-112.  

 

Ji, J., Ge, P., & Bi, W. (2016). Numerical analysis on shell-side flow-induced vibration 

and heat transfer characteristics of elastic tube bundle in heat exchanger. Applied 

Thermal Engineering, 107, 544-551.  

 

Jiang, C. H., Chang, Y. H., & Kam, T. Y. (2014). Optimal design of rectangular 

composite flat-panel sound radiators considering excitation location. Composite 

Structures, 108, 65-76.  

 

Kang, J. (2006). Urban sound environment: CRC Press. 

 

Kays, W. M., & London, A. L. (1984). Compact heat exchangers.  

 

Keblinski, P., Eastman, J. A., & Cahill, D. G. J. M. t. (2005). Nanofluids for thermal 

transport. 8(6), 36-44.  

 

Kim, Y.-H., Yang, B.-S., & Kim, C.-J. J. I. J. o. R. M. (2006). Noise source identification 

of small fan-BLDC motor system for refrigerators. 2006.  

 

Kim, Y. K., & Kim, Y. H. (1996). A three accelerometer method for the measurement of 

flow rate in pipe. The Journal of the Acoustical Society of America, 100(2), 717-

726.  

 

Lassahn, G. (1983). LOFT experimental measurements uncertainty analyses. Volume I. 

Methodology and summary.  

 

Lee, J.-K. (2000). Identification of noise sources in scroll compressor for air-conditioner. 

KSME international journal, 14(6), 597-604.  



103 

Lin, S., & Xu, L. (2012). Study on the radial vibration and acoustic field of an isotropic 

circular ring radiator. Ultrasonics, 52(1), 103-110.  

 

London, A. L. J. J. o. E. f. P. (1970). Laminar flow gas turbine regenerators—the 

influence of manufacturing tolerances. 92(1), 46-56.  

 

Longhouse, R. E. J. J. o. S., & Vibration. (1976). Noise mechanism separation and design 

considerations for low tip-speed, axial-flow fans. 48(4), 461-474.  

 

Mondt, J. J. A. J. o. E. f. P. (1977). Effects of nonuniform passages on deepfold heat 

exchanger performance. 99, 657-663.  

 

Morris, S. C., Good, J. J., & Foss, J. F. (1998). Velocity measurements in the wake of an 

automotive cooling fan. Experimental Thermal and Fluid Science, 17(1–2), 100-

106.  

 

Nakamura, T., Kaneko, S., Inada, F., Kato, M., Ishihara, K., Nishihara, T., Langthjem, 

M. A. (2013). Flow-induced vibrations: classifications and lessons from practical 

experiences: Butterworth-Heinemann. 

 

Nguyen, C., Desgranges, F., Roy, G., Galanis, N., Maré, T., Boucher, S., . . . Flow, F. 

(2007). Temperature and particle-size dependent viscosity data for water-based 

nanofluids–hysteresis phenomenon. 28(6), 1492-1506.  

 

Nguyen, C. T., Desgranges, F., Galanis, N., Roy, G., Maré, T., Boucher, S., & Angue 

Mintsa, H. (2008). Viscosity data for Al2O3–water nanofluid—hysteresis: is heat 

transfer enhancement using nanofluids reliable? International Journal of Thermal 

Sciences, 47(2), 103-111. 

 

Olson, D. E. (2006). Pipe Vibration Testing and Analysis. In K. R. Rao (Ed.), Companion 

Guide to the ASME Boiler &amp; Pressure Vessel Code, Volume 2, Second 

Edition. New York, NY: ASME. 

 

Park, J., Mongeau, L., & Siegmund, T. (2003). Influence of support properties on the 

sound radiated from the vibrations of rectangular plates. Journal of sound and 

vibration, 264(4), 775-794. 

 

Patel, C., Lee, S., Tiwari, N., Agarwal, A. K., Lee, C. S., & Park, S. (2016). Spray 

characterization, combustion, noise and vibrations investigations of Jatropha 

biodiesel fuelled genset engine. Fuel, 185, 410-420.  

 

Peyghambarzadeh, S. M., Hashemabadi, S. H., Hoseini, S. M., & Seifi Jamnani, M. 

(2011). Experimental study of heat transfer enhancement using water/ethylene 

glycol based nanofluids as a new coolant for car radiators. International 

Communications in Heat and Mass Transfer, 38(9), 1283-1290.  

 

Prezelj, J., & Čudina, M. (2011). Quantification of aerodynamically induced noise and 

vibration-induced noise in a suction unit. Proceedings of the Institution of 

Mechanical Engineers, Part C: Journal of Mechanical Engineering Science, 

225(3), 617-624.  



104 

Ray, D. R., & Das, D. K. (2014). Superior performance of nanofluids in an automotive 

radiator. Journal of Thermal Science and Engineering Applications, 6(4), 041002. 

 

Rusinski, E., Czmochowski, J., Moczko, P., & Pietrusiak, D. (2017). Monitoring and 

testing of high power industrial fans vibration. Procedia Engineering, 199, 2190-

2195.  

 

Rusiński, E., Moczko, P., Odyjas, P., & Pietrusiak, D. (2014). Investigation of vibrations 

of a main centrifugal fan used in mine ventilation. Archives of Civil and 

Mechanical Engineering, 14(4), 569-579.  

 

Rynell, A., Chevalier, M., Åbom, M., & Efraimsson, G. (2018). A numerical study of 

noise characteristics originating from a shrouded subsonic automotive fan. 

Applied Acoustics, 140, 110-121.  

 

Saadatmand, M., Kawaji, M. J. M. S., & Technology. (2010). Effect of Viscosity on 

Vibration-Induced Motion of a Spherical Particle Suspended in a Fluid Cell. 

22(3), 433-440.  

 

Sahoo, R. R., Ghosh, P., & Sarkar, J. (2017). Energy and exergy comparisons of water 

based optimum brines as coolants for rectangular fin automotive radiator. 

International Journal of Heat and Mass Transfer, 105(Supplement C), 690-696.  

 

Saito, N., Miyano, H., & Furukawa, S. (1990). Study on vibration response of pipes 

induced by internal flow. Paper presented at the Pressure vessels and piping 

conference.  

 

Samira, P., Saeed, Z. H., Motahare, S., & Mostafa, K. (2015). Pressure drop and thermal 

performance of CuO/ethylene glycol (60%)-water (40%) nanofluid in car 

radiator. Korean journal of chemical engineering, 32(4), 609-616.  

 

Sani, M., MM, R., MZ, B., & I, Z. (2015). Sound Intensity Mapping of an Engine 

Dynamometer. International Journal of Automotive and Mechanical Engineering 

(IJAME), 11, 2820-2829.  

 

Sani, M., Zaman, I., & Rahman., M. (2015). Analysis of Split Air Conditioner Noise 

using Sound Intensity Mapping. Journal of Advanced Research in Fluid 

Mechanics, 9(1), 28-33.  

 

Sarkar, J., & Tarodiya, R. (2013). Performance analysis of louvered fin tube automotive 

radiator using nanofluids as coolants. International Journal of 

Nanomanufacturing, 9(1), 51-65.  

 

Shah, R., & London, A. J. J. o. E. f. P. (1980). Effects of nonuniform passages on compact 

heat exchanger performance. 102(3), 653-659.  

 

Shah, R. K., & London, A. L. (1970). The Influence of Brazing on Very Compact Heat 

Exchanger Surfaces. 

 



105 

Shimada, K., Kimura, K., & Watanabe, H. (2003). A study of radiator cooling fan with 

labyrinth seal. JSAE review, 24(4), 431-439.  

 

Sun, Y., Yang, T., Zhu, M., & Pan, J. (2017). The use of an active controlled enclosure 

to attenuate sound radiation from a heavy radiator. Journal of sound and vibration, 

392, 1-17. 

 

Suzuki, A., & Soya, A. (2005). Study on the Fan Noise Reduction for Automotive 

Radiator Cooling Fans (0148-7191). 

 

Tandon, N. (1996). Sound intensity technique and its applications in noise control. 

Emerging Trends in Vibration and Noise Engineering, 171. 

 

Tuzson, J. (2000). Centrifugal pump design: John Wiley & Sons. 

 

Wang, H., Zhai, Q., & Zhang, J. (2018). Numerical study of flow-induced vibration of a 

flexible plate behind a circular cylinder. Ocean Engineering, 163, 419-430.  

 

Wang, K., Lu, X., He, X. J. S., & Vibration. (2018). Experimental investigation of 

vibration characteristics in a centrifugal pump with vaned diffuser. 2018.  

 

Wang, K., Zhang, Z., Xia, C., Liu, Z. J. S., & vibration. (2018). Experimental 

investigation of pressure fluctuation, vibration, and noise in a multistage pump. 

2018.  

 

Wang, P., Wong, C. W., & Zhou, Y. (2019). Turbulent intensity effect on axial-flow-

induced cylinder vibration in the presence of a neighboring cylinder. Journal of 

Fluids and Structures, 85, 77-93.  

 

Washburn, K. B., Frazer, T., & Kunio, J. (2005). Correlating noise sources identified by 

beamforming with sound power measurements (0148-7191). Retrieved from  

 

Weaver, D., Ziada, S., Au-Yang, M., Chen, S., Paıdoussis, M., & Pettigrew, M. (2000). 

Flow-induced vibrations in power and process plant components—progress and 

prospects. Journal of Pressure Vessel Technology, 122(3), 339-348.  

 

Yadav, J., & Singh, B. R. (2011). Study on Performance Evaluation of Automotive 

Radiator. S-JPSET, 2(2), 47-56.  

 

Yakut, K., & Sahin, B. (2004). Flow-induced vibration analysis of conical rings used for 

heat transfer enhancement in heat exchangers. Applied Energy, 78(3), 273-288.  

 

Yuehui, L., Zhiyong, H., Fengrong, B., Lu-hua, F., & Song-tao, H. (2002). Engine noise 

source identification with different methods. Transactions of Tianjin University, 

8(3), 174-177.  

 

Zhang, B. (2015). Condition monitoring of a fan using neural networks. Laurentian 

University of Sudbury,  

 



106 

Zhang, C. Q., Gao, Z. Y., Chen, Y. Y., Dai, Y. J., Wang, J. W., Zhang, L. R., & Ma, J. L. 

(2019). Locating and tracking sound sources on a horizontal axis wind turbine 

using a compact microphone array based on beamforming. Applied Acoustics, 

146, 295-309.  

 

Zhang, L., He, R., Wang, X., Zhang, Q., & Wang, S. (2019). Study on static and dynamic 

characteristics of an axial fan with abnormal blade under rotating stall conditions. 

Energy, 170, 305-325.  

 

Zhang, M. M., Katz, J., & Prosperetti, A. (2010). Enhancement of channel wall vibration 

due to acoustic excitation of an internal bubbly flow. Journal of Fluids and 

Structures, 26(6), 994-1017. 

 

Zhang, T., Zhang, Y. O., & Ouyang, H. (2015). Structural vibration and fluid-borne noise 

induced by turbulent flow through a 90° piping elbow with/without a guide vane. 

International Journal of Pressure Vessels and Piping, 125, 66-77.  

 


