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Abstract

Heat pipes with conventional fluids have been effectively used in the last 3 decades for
thermal management of a variety of engineering applications such as economizers, heat
exchangers and electronics cooling. However, rapid growth of industrial automation and
electric vehicle (EV), thermal management in electronics and battery system faces lot of
challenges for cooling the devices due to more heat demand from condensed and compact
electronic devices. The present investigation aims to analyze the effect of different wt% of
Al;05 nanofluids, fill ratio and heat input on thermal performance of Oscillating Heat Pipe
(OHP) system were investigated using Response Surface methodology (RSM). The
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responses like Heat Transfer Coefficient (HTC) and thermal resistance were analyzed
using ANOVA analysis, main effects plots and surface plots. Also, the experimental results
were correlated with regression models. The obtained results indicated that the highest
influence factors are heat input and fill ratio, while least is wt% of Al,05 nanofluids. The
lower thermal resistance of 1.1447 °C/W and higher heat transfer coefficient of 283.18
W/m? °C were obtained at fill ratio of 80% and heat input of 35W and 2% of Al,03
nanoparticles. The predicted results represent the RSM model has realistic level of

accuracy in its capability to define the thermal performance of the OHP system.
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Abbreviations
Q: Heat input (W)
Tc:  Condenser temperature (°C)

Te:  Evaporator temperature (°C)
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A:  Areaof condenser (7 x d x L¢) (m?)
Lc:  Length of the condenser (m)

d: Tube diameter (m)

h: Heat transfer coefficient (W/m?2 °C)

R: Thermal resistance (°C/W)
References

Afshari F, Manay E, Rahimpour S, Sahin B, Murat¢obanoglu B, Teimuri-Mofrad R (2022)
A review study on factors affecting the stability of nanofluids. Heat Transf Res
53(18):77-91. https://doi.org/10.1615/HeatTransRes.2022041979

Article Google Scholar

Ahmad H, Jung SY (2020) Effect of active and passive cooling on the thermo-
hydrodynamic behaviors of the closed-loop pulsating heat pipes. Int ] Heat Mass Transf
156:119814. https://doi.org/10.1016/j.ijjheatmasstransfer.2020.119814

Article Google Scholar

Alizadeh Jajarm AR, Goshayeshi HR, Bashirnezhad K (2022) Experimental study of
thermal performance of a newly designed pulsating heat pipe with Fe;0, nanofluid-
exposed magnetic field and corrugated evaporator. Int ] Thermophys 43(40):20-32.
https://doi.org/10.1007/s10765-021-02971-1

Article Google Scholar

Babu ER, Reddy NC, Reddappa HN, Shivananda MKV, Reddy GVG, Koppad PG (2020)
Influence of Al,05; nanoparticles on thermal performance of closed loop pulsating heat
pipe. FME Trans. 48:143—148. https://doi.org/10.5937/fmet2001143B



https://doi.org/10.1615/HeatTransRes.2022041979
https://doi.org/10.1615%2FHeatTransRes.2022041979
http://scholar.google.com/scholar_lookup?&title=A%20review%20study%20on%20factors%20affecting%20the%20stability%20of%20nanofluids&journal=Heat%20Transf%20Res&doi=10.1615%2FHeatTransRes.2022041979&volume=53&issue=18&pages=77-91&publication_year=2022&author=Afshari%2CF&author=Manay%2CE&author=Rahimpour%2CS&author=Sahin%2CB&author=Murat%C3%A7obanoglu%2CB&author=Teimuri-Mofrad%2CR
https://doi.org/10.1016/j.ijheatmasstransfer.2020.119814
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2020.119814
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20active%20and%20passive%20cooling%20on%20the%20thermo-hydrodynamic%20behaviors%20of%20the%20closed-loop%20pulsating%20heat%20pipes&journal=Int%20J%20Heat%20Mass%20Transf&doi=10.1016%2Fj.ijheatmasstransfer.2020.119814&volume=156&publication_year=2020&author=Ahmad%2CH&author=Jung%2CSY
https://doi.org/10.1007/s10765-021-02971-1
https://doi.org/10.1007%2Fs10765-021-02971-1
http://scholar.google.com/scholar_lookup?&title=Experimental%20study%20of%20thermal%20performance%20of%20a%20newly%20designed%20pulsating%20heat%20pipe%20with%20Fe3O4%20nanofluid-exposed%20magnetic%20field%20and%20corrugated%20evaporator&journal=Int%20J%20Thermophys&doi=10.1007%2Fs10765-021-02971-1&volume=43&issue=40&pages=20-32&publication_year=2022&author=Alizadeh%20Jajarm%2CAR&author=Goshayeshi%2CHR&author=Bashirnezhad%2CK
https://doi.org/10.5937/fmet2001143B

Article Google Scholar

Bastakoti D, Zhang H, Cai W, Li F (2018) An experimental investigation of thermal
performance of pulsating heat pipe with alcohols and surfactant solutions. Int ] Heat
Mass Transf 117:1032—1040. https://doi.org/10.1016/j.ijjheatmasstransfer.2017.10.075

Article Google Scholar

Bumataria R, Chavda N (2022) Heat load and orientation impacts in cylindrical heat
pipes using copper oxide, aluminum oxide, and zinc oxide nanofluids. Int ] Ambient
Energy 43(1):6273—6283. https://doi.org/10.1080/01430750.2021.2014957

Article Google Scholar

Bumataria RK, Chavda NK, Panchal H (2019) Current research aspects in mono and
hybrid nanofluid based heat pipe technologies. Heliyon 5(5):1-16.
https://doi.org/10.1016/j.heliyon.2019.e01627

Article Google Scholar

Bumataria RK, Chavda NK, Nalbandh AH (2020) Performance evaluation of the
cylindrical shaped heat pipe utilizing water-based CuO and ZnO hybrid nanofluids.
Energy Sour Part A Recov Util Environ Effects 42(20):1-16.
https://doi.org/10.1080/15567036.2020.1832628

Article Google Scholar

Chavda N, Bumataria R (2023) Effect of particle size and concentration on thermal
performance of cylindrical shaped heat pipe using silver-DI water nanofluid. Int ]
Ambient Energy 44(1):305-316. https://doi.org/10.1080/01430750.2022.2127887

Article Google Scholar



https://doi.org/10.5937%2Ffmet2001143B
http://scholar.google.com/scholar_lookup?&title=Influence%20of%20Al2O3%20nanoparticles%20on%20thermal%20performance%20of%20closed%20loop%20pulsating%20heat%20pipe&journal=FME%20Trans.&doi=10.5937%2Ffmet2001143B&volume=48&pages=143-148&publication_year=2020&author=Babu%2CER&author=Reddy%2CNC&author=Reddappa%2CHN&author=Shivananda%2CMKV&author=Reddy%2CGVG&author=Koppad%2CPG
https://doi.org/10.1016/j.ijheatmasstransfer.2017.10.075
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2017.10.075
http://scholar.google.com/scholar_lookup?&title=An%20experimental%20investigation%20of%20thermal%20performance%20of%20pulsating%20heat%20pipe%20with%20alcohols%20and%20surfactant%20solutions&journal=Int%20J%20Heat%20Mass%20Transf&doi=10.1016%2Fj.ijheatmasstransfer.2017.10.075&volume=117&pages=1032-1040&publication_year=2018&author=Bastakoti%2CD&author=Zhang%2CH&author=Cai%2CW&author=Li%2CF
https://doi.org/10.1080/01430750.2021.2014957
https://doi.org/10.1080%2F01430750.2021.2014957
http://scholar.google.com/scholar_lookup?&title=Heat%20load%20and%20orientation%20impacts%20in%20cylindrical%20heat%20pipes%20using%20copper%20oxide%2C%20aluminum%20oxide%2C%20and%20zinc%20oxide%20nanofluids&journal=Int%20J%20Ambient%20Energy&doi=10.1080%2F01430750.2021.2014957&volume=43&issue=1&pages=6273-6283&publication_year=2022&author=Bumataria%2CR&author=Chavda%2CN
https://doi.org/10.1016/j.heliyon.2019.e01627
https://doi.org/10.1016%2Fj.heliyon.2019.e01627
http://scholar.google.com/scholar_lookup?&title=Current%20research%20aspects%20in%20mono%20and%20hybrid%20nanofluid%20based%20heat%20pipe%20technologies&journal=Heliyon&doi=10.1016%2Fj.heliyon.2019.e01627&volume=5&issue=5&pages=1-16&publication_year=2019&author=Bumataria%2CRK&author=Chavda%2CNK&author=Panchal%2CH
https://doi.org/10.1080/15567036.2020.1832628
https://doi.org/10.1080%2F15567036.2020.1832628
http://scholar.google.com/scholar_lookup?&title=Performance%20evaluation%20of%20the%20cylindrical%20shaped%20heat%20pipe%20utilizing%20water-based%20CuO%20and%20ZnO%20hybrid%20nanofluids&journal=Energy%20Sour%20Part%20A%20Recov%20Util%20Environ%20Effects&doi=10.1080%2F15567036.2020.1832628&volume=42&issue=20&pages=1-16&publication_year=2020&author=Bumataria%2CRK&author=Chavda%2CNK&author=Nalbandh%2CAH
https://doi.org/10.1080/01430750.2022.2127887
https://doi.org/10.1080%2F01430750.2022.2127887
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20particle%20size%20and%20concentration%20on%20thermal%20performance%20of%20cylindrical%20shaped%20heat%20pipe%20using%20silver-DI%20water%20nanofluid&journal=Int%20J%20Ambient%20Energy&doi=10.1080%2F01430750.2022.2127887&volume=44&issue=1&pages=305-316&publication_year=2023&author=Chavda%2CN&author=Bumataria%2CR

Chen M, LiJ (2020) Nanofluid-based pulsating heat pipe for thermal management of
lithium-ion batteries for electric vehicles. ] Energy Storage 32:101715.
https://doi.org/10.1016/j.est.2020.101715

Article Google Scholar

Gabriel Monroe J, Kumari S, Fairley JD, Walters KB, Berg MJ, Thompson SM (2019) On
the energy harvesting and heat transfer ability of a ferro-nanofluid oscillating heat pipe.
Int ] Heat Mass Transf 132:162—171.
https://doi.org/10.1016/j.ijjheatmasstransfer.2018.11.096

Article Google Scholar

Ghorabaee H, Emami MRS, Moosakazemi F, Karimi N, Cheraghian G, Afrand M (2021)
The use of nanofluids in thermosyphon heat pipe: a comprehensive review. Powder
Technol 394:250-269. https://doi.org/10.1016/j.powtec.2021.08.045

Article Google Scholar

Glilmiis B, Muratcobanoglu B, Mandev E, Afshari F (2023) Experimental and numerical
investigation of flow and thermal characteristics of aluminum block exchanger using
surface-modified and recycled nanofluids. Int ] Numer Methods Heat Fluid Flow.
https://doi.org/10.1108/HFF-12-2022-0721

Article Google Scholar

Gunnasegaran P, Abdullah MZ, Shuaib NH (2013) Influence of nanofluid on heat transfer
in aloop heat pipe. Int Commun Heat Mass Transf 47:82-91.
https://doi.org/10.1016/j.icheatmasstransfer.2013.07.003

Article Google Scholar



https://doi.org/10.1016/j.est.2020.101715
https://doi.org/10.1016%2Fj.est.2020.101715
http://scholar.google.com/scholar_lookup?&title=Nanofluid-based%20pulsating%20heat%20pipe%20for%20thermal%20management%20of%20lithium-ion%20batteries%20for%20electric%20vehicles&journal=J%20Energy%20Storage&doi=10.1016%2Fj.est.2020.101715&volume=32&publication_year=2020&author=Chen%2CM&author=Li%2CJ
https://doi.org/10.1016/j.ijheatmasstransfer.2018.11.096
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2018.11.096
http://scholar.google.com/scholar_lookup?&title=On%20the%20energy%20harvesting%20and%20heat%20transfer%20ability%20of%20a%20ferro-nanofluid%20oscillating%20heat%20pipe&journal=Int%20J%20Heat%20Mass%20Transf&doi=10.1016%2Fj.ijheatmasstransfer.2018.11.096&volume=132&pages=162-171&publication_year=2019&author=Gabriel%20Monroe%2CJ&author=Kumari%2CS&author=Fairley%2CJD&author=Walters%2CKB&author=Berg%2CMJ&author=Thompson%2CSM
https://doi.org/10.1016/j.powtec.2021.08.045
https://doi.org/10.1016%2Fj.powtec.2021.08.045
http://scholar.google.com/scholar_lookup?&title=The%20use%20of%20nanofluids%20in%20thermosyphon%20heat%20pipe%3A%20a%20comprehensive%20review&journal=Powder%20Technol&doi=10.1016%2Fj.powtec.2021.08.045&volume=394&pages=250-269&publication_year=2021&author=Ghorabaee%2CH&author=Emami%2CMRS&author=Moosakazemi%2CF&author=Karimi%2CN&author=Cheraghian%2CG&author=Afrand%2CM
https://doi.org/10.1108/HFF-12-2022-0721
https://doi.org/10.1108%2FHFF-12-2022-0721
http://scholar.google.com/scholar_lookup?&title=Experimental%20and%20numerical%20investigation%20of%20flow%20and%20thermal%20characteristics%20of%20aluminum%20block%20exchanger%20using%20surface-modified%20and%20recycled%20nanofluids&journal=Int%20J%20Numer%20Methods%20Heat%20Fluid%20Flow&doi=10.1108%2FHFF-12-2022-0721&publication_year=2023&author=G%C3%BClm%C3%BC%C5%9F%2CB&author=Murat%C3%A7obano%C4%9Flu%2CB&author=Mandev%2CE&author=Afshari%2CF
https://doi.org/10.1016/j.icheatmasstransfer.2013.07.003
https://doi.org/10.1016%2Fj.icheatmasstransfer.2013.07.003
http://scholar.google.com/scholar_lookup?&title=Influence%20of%20nanofluid%20on%20heat%20transfer%20in%20a%20loop%20heat%20pipe&journal=Int%20Commun%20Heat%20Mass%20Transf&doi=10.1016%2Fj.icheatmasstransfer.2013.07.003&volume=47&pages=82-91&publication_year=2013&author=Gunnasegaran%2CP&author=Abdullah%2CMZ&author=Shuaib%2CNH

Gupta NK, Sharma A, Rathore PKS (2020) Thermal performance optimization of heat
pipe using nanofluid: response surface methodology. ] Braz Soc Mech Sci Eng
42(590):1-16. https://doi.org/10.1007/s40430-020-02668-w

Article Google Scholar

Han H, Cui X, Zhu'Y, Sun S (2014) A comparative study of the behavior of working fluids
and their properties on the performance of pulsating heat pipes (PHP). Int ] Therm Sci
82:138—-147. https://doi.org/10.1016/j.ijthermalsci.2014.04.003

Article Google Scholar

Han XH, Wang XH, Zheng HC, Xu XG, Chen GM (2016) Review of the development of
pulsating heat pipe for heat dissipation. Renew Sustain Energy Rev 59:692—709.
https://doi.org/10.1016/j.rser.2015.12.350

Article Google Scholar

Jadeja KM, Bumataria R, Chavda N (2023) Nanofluid as a coolant in internal combustion
engine—a review. Int ] Ambient Energy 44(1):363—380.
https://doi.org/10.1080/01430750.2022.2127891

Article Google Scholar

Johari MNI, Zakaria IA, Azmi WH, Mohamed WANW (2022) Green bio glycol Al,03—SiO,
hybrid nanofluids for PEMFC: The thermal-electrical-hydraulic perspectives. Int
Commun Heat Mass Transf 131:105870.
https://doi.org/10.1016/j.icheatmasstransfer.2021.105870

Article Google Scholar



https://doi.org/10.1007/s40430-020-02668-w
https://doi.org/10.1007%2Fs40430-020-02668-w
http://scholar.google.com/scholar_lookup?&title=Thermal%20performance%20optimization%20of%20heat%20pipe%20using%20nanofluid%3A%20response%20surface%20methodology&journal=J%20Braz%20Soc%20Mech%20Sci%20Eng&doi=10.1007%2Fs40430-020-02668-w&volume=42&issue=590&pages=1-16&publication_year=2020&author=Gupta%2CNK&author=Sharma%2CA&author=Rathore%2CPKS
https://doi.org/10.1016/j.ijthermalsci.2014.04.003
https://doi.org/10.1016%2Fj.ijthermalsci.2014.04.003
http://scholar.google.com/scholar_lookup?&title=A%20comparative%20study%20of%20the%20behavior%20of%20working%20fluids%20and%20their%20properties%20on%20the%20performance%20of%20pulsating%20heat%20pipes%20%28PHP%29&journal=Int%20J%20Therm%20Sci&doi=10.1016%2Fj.ijthermalsci.2014.04.003&volume=82&pages=138-147&publication_year=2014&author=Han%2CH&author=Cui%2CX&author=Zhu%2CY&author=Sun%2CS
https://doi.org/10.1016/j.rser.2015.12.350
https://doi.org/10.1016%2Fj.rser.2015.12.350
http://scholar.google.com/scholar_lookup?&title=Review%20of%20the%20development%20of%20pulsating%20heat%20pipe%20for%20heat%20dissipation&journal=Renew%20Sustain%20Energy%20Rev&doi=10.1016%2Fj.rser.2015.12.350&volume=59&pages=692-709&publication_year=2016&author=Han%2CXH&author=Wang%2CXH&author=Zheng%2CHC&author=Xu%2CXG&author=Chen%2CGM
https://doi.org/10.1080/01430750.2022.2127891
https://doi.org/10.1080%2F01430750.2022.2127891
http://scholar.google.com/scholar_lookup?&title=Nanofluid%20as%20a%20coolant%20in%20internal%20combustion%20engine%E2%80%94a%20review&journal=Int%20J%20Ambient%20Energy&doi=10.1080%2F01430750.2022.2127891&volume=44&issue=1&pages=363-380&publication_year=2023&author=Jadeja%2CKM&author=Bumataria%2CR&author=Chavda%2CN
https://doi.org/10.1016/j.icheatmasstransfer.2021.105870
https://doi.org/10.1016%2Fj.icheatmasstransfer.2021.105870
http://scholar.google.com/scholar_lookup?&title=Green%20bio%20glycol%20Al2O3%E2%80%93SiO2%20hybrid%20nanofluids%20for%20PEMFC%3A%20The%20thermal-electrical-hydraulic%20perspectives&journal=Int%20Commun%20Heat%20Mass%20Transf&doi=10.1016%2Fj.icheatmasstransfer.2021.105870&volume=131&publication_year=2022&author=Johari%2CMNI&author=Zakaria%2CIA&author=Azmi%2CWH&author=Mohamed%2CWANW

Kumaresan G, Venkatachalapathy S, Asirvatham LG (2014) Experimental investigation
on enhancement in thermal characteristics of sintered wick heat pipe using CuO
nanofluids. Int ] Heat Mass Transf 72:507—516.
https://doi.org/10.1016/j.ijheatmasstransfer.2014.01.029

Article Google Scholar

Madhuri M, Yadav NP (2022) Parametric investigation of closed loop pulsating heat pipe
with cerium oxide nanofluid. J Appl Fluid Mech 15(6):1717—-1727.
https://doi.org/10.47176/jafm.15.06.1220

Article Google Scholar

Mandev E, Manay E, Rahimpour S, Mohammadzadeh A, Sahin B, Afshari F, Teimuri-
Mofrad R (2022) Surface modification of Fe;0, nanoparticles for preparing stable water-
based nanofluids. Heat Transf Res 53(18):39—55.
https://doi.org/10.1615/HeatTransRes.2022044141

Article Google Scholar

Naveen N, Kishore P, Pujari S, Silas Kumar MD, Jogi K (2022) Optimization through on
thermal performance of a radiator using graphene based coolant. Proc Inst Mech Eng
Part AJ Power Energy 236(8):1680—1693. https://doi.org/10.1177/09576509221097476

Article Google Scholar

Nazari MA, Ghasempour R, Shafii MB, Ahmadi MH (2018) Experimental investigation of
Triton X-100 solution on pulsating heat pipe thermal performance. ] Thermophys Heat
Transf 32(3):806—812. https://doi.org/10.2514/1.T5295

Article Google Scholar



https://doi.org/10.1016/j.ijheatmasstransfer.2014.01.029
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2014.01.029
http://scholar.google.com/scholar_lookup?&title=Experimental%20investigation%20on%20enhancement%20in%20thermal%20characteristics%20of%20sintered%20wick%20heat%20pipe%20using%20CuO%20nanofluids&journal=Int%20J%20Heat%20Mass%20Transf&doi=10.1016%2Fj.ijheatmasstransfer.2014.01.029&volume=72&pages=507-516&publication_year=2014&author=Kumaresan%2CG&author=Venkatachalapathy%2CS&author=Asirvatham%2CLG
https://doi.org/10.47176/jafm.15.06.1220
https://doi.org/10.47176%2Fjafm.15.06.1220
http://scholar.google.com/scholar_lookup?&title=Parametric%20investigation%20of%20closed%20loop%20pulsating%20heat%20pipe%20with%20cerium%20oxide%20nanofluid&journal=J%20Appl%20Fluid%20Mech&doi=10.47176%2Fjafm.15.06.1220&volume=15&issue=6&pages=1717-1727&publication_year=2022&author=Madhuri%2CM&author=Yadav%2CNP
https://doi.org/10.1615/HeatTransRes.2022044141
https://doi.org/10.1615%2FHeatTransRes.2022044141
http://scholar.google.com/scholar_lookup?&title=Surface%20modification%20of%20Fe3O4%20nanoparticles%20for%20preparing%20stable%20water-based%20nanofluids&journal=Heat%20Transf%20Res&doi=10.1615%2FHeatTransRes.2022044141&volume=53&issue=18&pages=39-55&publication_year=2022&author=Mandev%2CE&author=Manay%2CE&author=Rahimpour%2CS&author=Mohammadzadeh%2CA&author=Sahin%2CB&author=Afshari%2CF&author=Teimuri-Mofrad%2CR
https://doi.org/10.1177/09576509221097476
https://doi.org/10.1177%2F09576509221097476
http://scholar.google.com/scholar_lookup?&title=Optimization%20through%20on%20thermal%20performance%20of%20a%20radiator%20using%20graphene%20based%20coolant&journal=Proc%20Inst%20Mech%20Eng%20Part%20A%20J%20Power%20Energy&doi=10.1177%2F09576509221097476&volume=236&issue=8&pages=1680-1693&publication_year=2022&author=Naveen%2CN&author=Kishore%2CP&author=Pujari%2CS&author=Silas%20Kumar%2CMD&author=Jogi%2CK
https://doi.org/10.2514/1.T5295
https://doi.org/10.2514%2F1.T5295
http://scholar.google.com/scholar_lookup?&title=Experimental%20investigation%20of%20Triton%20X-100%20solution%20on%20pulsating%20heat%20pipe%20thermal%20performance&journal=J%20Thermophys%20Heat%20Transf&doi=10.2514%2F1.T5295&volume=32&issue=3&pages=806-812&publication_year=2018&author=Nazari%2CMA&author=Ghasempour%2CR&author=Shafii%2CMB&author=Ahmadi%2CMH

Olabi AG, Haridy S, Sayed ET, Radi MA, Alami AH, Zwayyed F, Salameh T, Abdelkareem
MA (2023) Implementation of artificial intelligence in modeling and control of heat
pipes: a review. Energies 16(760):1-18. https://doi.org/10.3390/en16020760

Article Google Scholar

Patel VM, Gaurav M (2017) Influence of working fluids on startup mechanism and
thermal performance of a closed loop pulsating heat pipe. Appl Therm Eng 110:1568—
1577. https://doi.org/10.1016/j.applthermaleng.2016.09.017

Article Google Scholar

Patel VM, Mehta HB (2018) Thermal performance prediction models for a pulsating heat
pipe using Artificial Neural Network (ANN) and Regression/Correlation Analysis (RCA).
Sadhana 43(184):1-12. https://doi.org/10.1007/s12046-018-0954-3

Article MathSciNet Google Scholar

Prashanth M, Madhu D, Ramanarasimh K, Suresh R (2022) Effect of heat input and
filling ratio on raise in temperature of the oscillating heat pipe with different working
fluids using ANN model. Int ] Heat Technol 40(2):535—542.
https://doi.org/10.18280/ijht.400221

Article Google Scholar

Roger R, Riehl SM, Murshed S (2022) Performance evaluation of nanofluids in loop heat
pipes and oscillating heat pipes. Int ] Thermofluids 14:100147.
https://doi.org/10.1016/j.ijft.2022.100147

Article Google Scholar

Rudresha S, Babu ER, Thejaraju R (2023) Experimental investigation and influence of
filling ratio on heat transfer performance of a pulsating heat pipe. Therm Sci Eng Progr
38:101649. https://doi.org/10.1016/j.tsep.2023.101649



https://doi.org/10.3390/en16020760
https://doi.org/10.3390%2Fen16020760
http://scholar.google.com/scholar_lookup?&title=Implementation%20of%20artificial%20intelligence%20in%20modeling%20and%20control%20of%20heat%20pipes%3A%20a%20review&journal=Energies&doi=10.3390%2Fen16020760&volume=16&issue=760&pages=1-18&publication_year=2023&author=Olabi%2CAG&author=Haridy%2CS&author=Sayed%2CET&author=Radi%2CMA&author=Alami%2CAH&author=Zwayyed%2CF&author=Salameh%2CT&author=Abdelkareem%2CMA
https://doi.org/10.1016/j.applthermaleng.2016.09.017
https://doi.org/10.1016%2Fj.applthermaleng.2016.09.017
http://scholar.google.com/scholar_lookup?&title=Influence%20of%20working%20fluids%20on%20startup%20mechanism%20and%20thermal%20performance%20of%20a%20closed%20loop%20pulsating%20heat%20pipe&journal=Appl%20Therm%20Eng&doi=10.1016%2Fj.applthermaleng.2016.09.017&volume=110&pages=1568-1577&publication_year=2017&author=Patel%2CVM&author=Gaurav%2CM
https://doi.org/10.1007/s12046-018-0954-3
https://doi.org/10.1007%2Fs12046-018-0954-3
http://www.ams.org/mathscinet-getitem?mr=3767306
http://scholar.google.com/scholar_lookup?&title=Thermal%20performance%20prediction%20models%20for%20a%20pulsating%20heat%20pipe%20using%20Artificial%20Neural%20Network%20%28ANN%29%20and%20Regression%2FCorrelation%20Analysis%20%28RCA%29&journal=S%C4%81dhan%C4%81&doi=10.1007%2Fs12046-018-0954-3&volume=43&issue=184&pages=1-12&publication_year=2018&author=Patel%2CVM&author=Mehta%2CHB
https://doi.org/10.18280/ijht.400221
https://doi.org/10.18280%2Fijht.400221
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20heat%20input%20and%20filling%20ratio%20on%20raise%20in%20temperature%20of%20the%20oscillating%20heat%20pipe%20with%20different%20working%20fluids%20using%20ANN%20model&journal=Int%20J%20Heat%20Technol&doi=10.18280%2Fijht.400221&volume=40&issue=2&pages=535-542&publication_year=2022&author=Prashanth%2CM&author=Madhu%2CD&author=Ramanarasimh%2CK&author=Suresh%2CR
https://doi.org/10.1016/j.ijft.2022.100147
https://doi.org/10.1016%2Fj.ijft.2022.100147
http://scholar.google.com/scholar_lookup?&title=Performance%20evaluation%20of%20nanofluids%20in%20loop%20heat%20pipes%20and%20oscillating%20heat%20pipes&journal=Int%20J%20Thermofluids&doi=10.1016%2Fj.ijft.2022.100147&volume=14&publication_year=2022&author=Roger%2CR&author=Riehl%2CSM&author=Murshed%2CS
https://doi.org/10.1016/j.tsep.2023.101649

Article Google Scholar

Selimefendigil F, Oztop HF (2019) Conjugate mixed convection of nanofluid in a cubic
enclosure separated with a conductive plate and having an inner rotating cylinder. Int J
Heat Mass Transf 139:1000—-1017.
https://doi.org/10.1016/j.ijheatmasstransfer.2019.05.053

Article Google Scholar

Sudheer NVVS, Bhramara P (2022) Analysis of Closed Loop Pulsating Heat Pipe using
optimization techniques. Int ] Ambient Energy 43(1):1-10.
https://doi.org/10.1080/01430750.2020.1778525

Article Google Scholar

Vijayakumar M, Navaneethakrishnan P, Kumaresan G (2016) Thermal characteristics
studies on sintered wick heat pipe using CuO and Al,05; nanofluids. Exp Therm Fluid Sci
79:25-35. https://doi.org/10.1016/j.expthermflusci.2016.06.021

Article Google Scholar

Yunus M, Alsoufi MS (2019) Development of a heat pipe and gray based Taguchi method
for multi-output optimization to improve thermal performance using hybrid nanofluids.
Front Heat Mass Transf FHMT 12(11):1-8. https://doi.org/10.5098/hmt.12.11

Article Google Scholar

Zhang D, He Z, Guan ], Tang S, Shen C (2022) Heat transfer and flow visualization of
pulsating heat pipe with silica nanofluid: an experimental study. Int ] Heat Mass Transf
183(11):122100. https://doi.org/10.1016/j.ijjheatmasstransfer.2021.122100

Article Google Scholar



https://doi.org/10.1016%2Fj.tsep.2023.101649
http://scholar.google.com/scholar_lookup?&title=Experimental%20investigation%20and%20influence%20of%20filling%20ratio%20on%20heat%20transfer%20performance%20of%20a%20pulsating%20heat%20pipe&journal=Therm%20Sci%20Eng%20Progr&doi=10.1016%2Fj.tsep.2023.101649&volume=38&publication_year=2023&author=Rudresha%2CS&author=Babu%2CER&author=Thejaraju%2CR
https://doi.org/10.1016/j.ijheatmasstransfer.2019.05.053
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2019.05.053
http://scholar.google.com/scholar_lookup?&title=Conjugate%20mixed%20convection%20of%20nanofluid%20in%20a%20cubic%20enclosure%20separated%20with%20a%20conductive%20plate%20and%20having%20an%20inner%20rotating%20cylinder&journal=Int%20J%20Heat%20Mass%20Transf&doi=10.1016%2Fj.ijheatmasstransfer.2019.05.053&volume=139&pages=1000-1017&publication_year=2019&author=Selimefendigil%2CF&author=%C3%96ztop%2CHF
https://doi.org/10.1080/01430750.2020.1778525
https://doi.org/10.1080%2F01430750.2020.1778525
http://scholar.google.com/scholar_lookup?&title=Analysis%20of%20Closed%20Loop%20Pulsating%20Heat%20Pipe%20using%20optimization%20techniques&journal=Int%20J%20Ambient%20Energy&doi=10.1080%2F01430750.2020.1778525&volume=43&issue=1&pages=1-10&publication_year=2022&author=Sudheer%2CNVVS&author=Bhramara%2CP
https://doi.org/10.1016/j.expthermflusci.2016.06.021
https://doi.org/10.1016%2Fj.expthermflusci.2016.06.021
http://scholar.google.com/scholar_lookup?&title=Thermal%20characteristics%20studies%20on%20sintered%20wick%20heat%20pipe%20using%20CuO%20and%20Al2O3%20nanofluids&journal=Exp%20Therm%20Fluid%20Sci&doi=10.1016%2Fj.expthermflusci.2016.06.021&volume=79&pages=25-35&publication_year=2016&author=Vijayakumar%2CM&author=Navaneethakrishnan%2CP&author=Kumaresan%2CG
https://doi.org/10.5098/hmt.12.11
https://doi.org/10.5098%2Fhmt.12.11
http://scholar.google.com/scholar_lookup?&title=Development%20of%20a%20heat%20pipe%20and%20gray%20based%20Taguchi%20method%20for%20multi-output%20optimization%20to%20improve%20thermal%20performance%20using%20hybrid%20nanofluids&journal=Front%20Heat%20Mass%20Transf%20FHMT&doi=10.5098%2Fhmt.12.11&volume=12&issue=11&pages=1-8&publication_year=2019&author=Yunus%2CM&author=Alsoufi%2CMS
https://doi.org/10.1016/j.ijheatmasstransfer.2021.122100
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2021.122100
http://scholar.google.com/scholar_lookup?&title=Heat%20transfer%20and%20flow%20visualization%20of%20pulsating%20heat%20pipe%20with%20silica%20nanofluid%3A%20an%20experimental%20study&journal=Int%20J%20Heat%20Mass%20Transf&doi=10.1016%2Fj.ijheatmasstransfer.2021.122100&volume=183&issue=11&publication_year=2022&author=Zhang%2CD&author=He%2CZ&author=Guan%2CJ&author=Tang%2CS&author=Shen%2CC

Zufar M, Gunnasegaran P, Kumar HM, Ng KC (2020) Numerical and experimental
investigations of hybrid nanofluids on pulsating heat pipe performance. Int ] Heat Mass
Transf 146:118887. https://doi.org/10.1016/j.ijheatmasstransfer.2019.118887

Article Google Scholar

Acknowledgements

The authors are thankful to Government Engineering College, Ramanagar, Karnataka,

India for the encouragement and support in carrying out the research work.

Funding

During the preparation of this work, the authors state that they did not receive any

funding, grants, or other support of any kind.

Author information

Authors and Affiliations

Department of Mechanical Engineering, Government Engineering College, Hassan,
Karnataka, 573201, India
M. Prashanth

Department of Mechanical Engineering, Government Engineering College,
Ramanagara, Karnataka, 562159, India
D. Madhu

Department of Mechanical Engineering, K. S. School of Engineering and Management,
Bangalore, 560109, India

K. Ramanarasimh

Department of Mechanical and Manuf. Engineering, M.S. Ramaiah University of
Applied Sciences, Bangalore, 560058, India
R. Suresh


https://doi.org/10.1016/j.ijheatmasstransfer.2019.118887
https://doi.org/10.1016%2Fj.ijheatmasstransfer.2019.118887
http://scholar.google.com/scholar_lookup?&title=Numerical%20and%20experimental%20investigations%20of%20hybrid%20nanofluids%20on%20pulsating%20heat%20pipe%20performance&journal=Int%20J%20Heat%20Mass%20Transf&doi=10.1016%2Fj.ijheatmasstransfer.2019.118887&volume=146&publication_year=2020&author=Zufar%2CM&author=Gunnasegaran%2CP&author=Kumar%2CHM&author=Ng%2CKC

Contributions

MP is conducted the experimental part and manuscript preparation. DM is supported for
conduction of experimentation and manuscript preperation. KR is advised to selection of
process parameters and technical writing support. RS is develop the optimization and
analysis of the results.

Corresponding author

Correspondence to R. Suresh.
Ethics declarations

Conflict of interest

The authors claim to be unaware of any financial or personal ties that may have affected

their study.

Additional information

Publisher's Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps

and institutional affiliations.

Rights and permissions

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to
this article under a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article is solely governed

by the terms of such publishing agreement and applicable law.

Reprints and permissions

About this article

Cite this article


mailto:sureshchiru09@gmail.com
https://s100.copyright.com/AppDispatchServlet?title=An%20investigation%20to%20evaluate%20the%20influence%20of%20Al2O3%20nanoparticles%20on%20thermal%20performance%20of%20oscillating%20heat%20pipe%20using%20Box%E2%80%93Behnken%20design%20method&author=M.%20Prashanth%20et%20al&contentID=10.1007%2Fs41939-023-00182-9&copyright=The%20Author%28s%29%2C%20under%20exclusive%20licence%20to%20Springer%20Nature%20Switzerland%20AG&publication=2520-8160&publicationDate=2023-06-19&publisherName=SpringerNature&orderBeanReset=true

Prashanth, M., Madhu, D., Ramanarasimh, K. et al. An investigation to evaluate the
influence of Al,03 nanoparticles on thermal performance of oscillating heat pipe using
Box—Behnken design method. Multiscale and Multidiscip. Model. Exp. and Des. 6, 709—721
(2023). https://doi.org/10.1007/s41939-023-00182-9

Received Accepted Published
26 April 2023 03June 2023 19 June 2023
Issue Date

December 2023

DOI

https://doi.org/10.1007/s41939-023-00182-9

Keywords

Al,05 nanoparticles Nanofluids Response surface methodology

Heat transfer coefficient Thermal resistance



https://link.springer.com/search?query=AlO%20nanoparticles&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=AlO%20nanoparticles&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=AlO%20nanoparticles&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Nanofluids&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Response%20surface%20methodology&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Heat%20transfer%20coefficient&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Thermal%20resistance&facet-discipline=%22Engineering%22

