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Abstract.This study aims to determine the viscosity characteristics of TiO»-
Polyolester (POE) nanolubricant and optimize it for heat transfer applications in
compressor air conditioning systems. A magnetic stirrer was used to mix TiO2
and POE lubricant for 30 min. The nanolubricant was then ultrasonicated with a
probe for 120 min to stabilize the TiO2-POE nanolubricant. There were seven
different types of samples examined in this study, with concentrations of 0,
0.05, 0.15, 0.25, 0.35, 0.45, and 0.85 vol%. Rotational Rheolab QC was used to
quantify viscosity from 30-90 °C. The viscosity of nanolubricant augmented as
the proportion of nanolubricant increased. In contrast, when the test temperature
rises, the viscosity drops. The greatest viscosity rise was 56.657 % at 0.85 vol
% at 80 C, while the lowest viscosity increase was 0.029 % at 0.05 % at 30 C.
Based on the Response Surface Approach, optimization using the Multivariable
Functions Optimization (MBFO) method with the Central Composite Design
(CCD) type. The uncertainty analysis was also performed in this study. The
most optimum dynamic viscosity is 34.8098 mPa.s. At a temperature of 60 °C,
this condition was achieved in samples with a concentration of 0.45 vol %.

Keywords: Central composite design (CCD), Response surface methodology
(RSM), Newtonian, Viscosity, TiO2-Polyolester (POE) nanolubricant


mailto:ir.agusnug@gmail.com
mailto:rizalman@ump.edu.my
mailto:wanazmi2010@gmail.com

International Communications in Heat and Mass Transfer. 2020;118(September):104882-.
doi:10.1016/j.icheatmasstransfer.2020.104882.

37. Kedzierski MA, Brignoli R, Quine KT, Brown JS. Viscosity, density, and thermal
conductivity of aluminum oxide and zinc oxide nanolubricants M.A. International Journal of
Refrigeration. 2017;74:1-9. doi:10.1016/j.ijrefrig.2016.10.003.

38. Sajeeb A, Rajendrakumar PK. Investigation on the rheological behavior of coconut oil
based hybrid CeO2/CuO nanolubricants. Proceedings of the Institution of Mechanical
Engineers, Part J: Journal of Engineering  Tribology. 2019;233(1):170-7.
doi:10.1177/1350650118772149.

39. Singh K, Barai DP, Chawhan SS, Bhanvase BA, Saharan VK. Synthesis, characterization
and heat transfer study of reduced graphene oxide-Al203 nanocomposite based nanofluids:
Investigation on thermal conductivity and rheology. Materials Today Communications.
2021;26(August 2020):101986-. doi:10.1016/j.mtcomm.2020.101986.

40. Kazemi I, Sefid M, Afrand M. A novel comparative experimental study on rheological
behavior of mono & hybrid nanofluids concerned graphene and silica nano-powders:
Characterization, stability and viscosity measurements. Powder Technology. 2020;366:216-29.
doi:10.1016/j.powtec.2020.02.010.

41. Ahmadi Nadooshan A, Hemmat Esfe M, Afrand M. Prediction of rheological behavior of
Si02-MWCNTSs/10W40 hybrid nanolubricant by designing neural network. Journal of Thermal
Analysis and Calorimetry. 2017;131(3):2741-8. d0i:10.1007/s10973-017-6688-3.

42. Goodarzi M, Toghraie D, Reiszadeh M, Afrand M. Experimental evaluation of dynamic
viscosity of ZnO-MWCNTs/engine oil hybrid nanolubricant based on changes in temperature
and concentration. Journal of Thermal Analysis and Calorimetry. 2018;136(2):513-25.
d0i:10.1007/s10973-018-7707-8.

43. Pourpasha H, Zeinali Heris S, Asadi A. Experimental investigation of nano-TiO2/turbine
meter oil nanofluid. Journal of Thermal Analysis and Calorimetry. 2019;138(1):57-67.
doi:10.1007/s10973-019-08155-2.

44. Thriveni K, Mahanthesh B. Significance of variable fluid properties on hybrid nanoliquid
flow in a micro-annulus with quadratic convection and quadratic thermal radiation: Response
surface methodology. International Communications in Heat and Mass Transfer.
2021;124:105264-. doi:10.1016/j.icheatmasstransfer.2021.105264.

45. Hemmat Esfe M, Goodarzi M, Reiszadeh M, Afrand M. Evaluation of MWCNTSs-
ZnO/5W50 nanolubricant by design of an artificial neural network for predicting viscosity and
its optimization. Journal of Molecular Liquids. 2019;277:921-31.
doi:10.1016/j.molliq.2018.08.047.

46. Leili M, Shirmohammadi Khorram N, Godini K, Azarian G, Moussavi R, Peykhoshian A.
Application of central composite design (CCD) for optimization of cephalexin antibiotic
removal using electro-oxidation process. Journal of Molecular Liquids. 2020;313:113556-.
d0i:10.1016/j.mollig.2020.113556.

47. Chananipoor A, Azizi Z, Raei B, Tahmasebi N. Optimization of the thermal performance of
nano-encapsulated phase change material slurry in double pipe heat exchanger: Design of
experiments using response surface methodology (RSM). Journal of Building Engineering.
2020;34(April 2020). doi:10.1016/j.jobe.2020.101929.

48. Pinto F, de Barros DPC, Reis C, Fonseca LP. Optimization of nanostructured lipid carriers
loaded with retinoids by central composite design. Journal of Molecular Liquids. 2019;293.
doi:10.1016/j.molliq.2019.111468.



