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ABSTRACT  

The current work investigates the thin liquid film flow problem in the Carreau hybrid nanofilm 

(Al2O3-Cu/H2O) on a stretching sheet numerically. There is a suction/injection effect at the 

stretching sheet’s surface, which is permeable. The boundary value problem solver (bvp4c) in 

MATLAB is applied to solve the system of linear equations obtained from the partial differential 

equations by employing suitable similarity variables. The effect of suction was found to 

contribute to improving heat transfer performance. The suction parameters had a more 

significant impact on the skin friction coefficient and heat transfer rate than the injection 

parameters. It was determined that the diminution of the film thickness at the free surface and 

the improvement of convective heat transfer rates were the most significant effects of the 

injection.  
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ABSTRAK  

Kajian ini mengkaji tentang masalah aliran filem cecair nipis dalam nanofilem nipis Carreau 

(Al2O3-Cu/H2O) pada helaian regangan secara berangka. Terdapat kesan sedutan/suntikan pada 

permukaan helaian regangan yang telap. Penyelesaian masalah nilai sempadan (bvp4c) dalam 

MATLAB digunakan untuk menyelesaikan sistem persamaan linear yang diperoleh daripada 

persamaan pembezaan separa dengan menggunakan pembolehubah persamaan yang sesuai. 

Kesan sedutan didapati menyebabkan peningkatan prestasi pemindahan haba yang lebih baik. 

Parameter sedutan mempunyai kesan yang lebih ketara ke atas pekali geseran kulit dan kadar 

pemindahan haba daripada parameter suntikan. Didapati juga bahawa pengurangan ketebalan 

filem pada permukaan bebas dan peningkatan kadar pemindahan haba perolakan terhadap kesan 

suntikan adalah yang paling ketara.     

Kata kunci: aliran filem nipis; nanofilem hibrid; cecair Carreau 

 

References 

Abbasi F.M., Hayat T. & Alsaedi A. 2015. Numerical analysis for MHD peristaltic transport of Carreau-Yasuda 

fluid in a curved channel with Hall effects. Journal of Magnetism and Magnetic Materials 382: 104–110. 

Abo-Elkhair R.E., Bhatti M.M. & Mekheimer K.S. 2021. Magnetic force effects on peristaltic transport of hybrid 

bio-nanofluid (Au–Cu nanoparticles) with moderate Reynolds number: An expanding horizon. International 

Communications in Heat and Mass Transfer 123: 105228. 

Akbar N.S., Nadeem S., Haq R.U. & Ye S. 2014. MHD stagnation point flow of Carreau fluid toward a permeable 

shrinking sheet: Dual solutions. Ain Shams Engineering Journal 5(4): 1233–1239. 

Alabdulhadi S., Abu Bakar S., Ishak A., Waini I. & Ahmed S.E. 2023. Effect of buoyancy force on an unsteady thin 

film flow of Al2O3/water nanofluid over an inclined stretching sheet. Mathematics 11(3): 739. 

Ali R., Shahzad A., us Saher K., Elahi Z. & Abbas T. 2022. The thin film flow of Al2O3 nanofluid particle over an 

unsteady stretching surface. Case Studies in Thermal Engineering 29: 101695. 

Andersson H.I., Aarseth J.B. & Dandapat B.S. 2000. Heat transfer in a liquid film on an unsteady stretching surface. 

International Journal of Heat and Mass Transfer 43(1): 69–74. 



 

Dian Adline Jalaluddin, Roslinda Nazar, Kohilavani Naganthran & Ishak Hashim  

 

 

 

Bilal M., Saeed A., Gul T., Rehman M. & Khan A. 2021. Thin-film flow of Carreau fluid over a stretching surface 

including the couple stress and uniform magnetic field. Partial Differential Equations in Applied Mathematics 

4: 100162. 

Boger D.V. 1977. Demonstration of upper and lower Newtonian fluid behaviour in a pseudoplastic fluid. Nature 

265: 126–128. 

Carreau P.J. 1972. Rheological equations from molecular network theories. Transactions of The Society Rheology 

16: 99–127. 

Choi S.U.S. & Eastman J.A. 1995. Enhancing thermal conductivity of fluids with nanoparticles. ASME Fluids 

Engineering Division 231: 99–105. 

Dandapat B.S., Santra B. & Andersson H.I. 2003. Thermocapillarity in a liquid film on an unsteady stretching 

surface. International Journal of Heat and Mass Transfer 46(16): 3009–3015. 

Iqbal K., Ahmed J., Khan M., Ahmad L. & Alghamd M. 2020. Magnetohydrodynamic thin film deposition of 

Carreau nanofluid over an unsteady stretching surface. Applied Physics A: Materials Science and Processing 

126(2): 1–13. 

Khan N.S., Gul T., Kumam P., Shah Z., Islam S., Khan W., Zuhra S. & Sohail A. 2019. Influence of inclined 

magnetic field on Carreau nanoliquid thin film flow and heat transfer with graphene nanoparticles. Energies 

12(8): 1459. 

Liu I.C. 2004. Flow and heat transfer of an electrically conducting fluid of second grade over a stretching sheet 

subject to a transverse magnetic field. International Journal of Heat and Mass Transfer 47(19–20): 4427–

4437. 

Maity S., Ghatani Y. & Dandapat B.S. 2016. Thermocapillary flow of a thin nanoliquid film over an unsteady 

stretching sheet. Journal of Heat Transfer 138(4): 1–8. 

Minea A.A. 2017. Hybrid nanofluids based on Al2O3, TiO2 and SiO2: Numerical evaluation of different approaches. 

International Journal of Heat and Mass Transfer 104: 852–860. 

Mukhopadhyay S. 2013. Analysis of boundary layer flow over a porous nonlinearly stretching sheet with partial slip 

at the boundary. Alexandria Engineering Journal 52(4): 563–569. 

Myers T.G. 2005. Application of non-Newtonian models to thin film flow. Physical Review E - Statistical, 

Nonlinear, and Soft Matter Physics 72(6): 1–11. 

Naganthran K., Hashim I. & Nazar R. 2020a. Triple solutions of Carreau thin film flow with thermocapillarity and 

injection on an unsteady stretching sheet. Energies 13(12): 3177. 

Naganthran K., Hashim I. & Nazar R. 2020b. Non-uniqueness solutions for the thin Carreau film flow and heat 

transfer over an unsteady stretching sheet. International Communications in Heat and Mass Transfer 117: 

104776. 

Naganthran K., Nazar R., Siri Z. & Hashim I. 2021. Entropy analysis and melting heat transfer in the Carreau thin 

hybrid nanofluid film flow. Mathematics 9(23): 3092. 

Narayana M. & Sibanda P. 2012. Laminar flow of a nanoliquid film over an unsteady stretching sheet. International 

Journal of Heat and Mass Transfer 55(25–26): 7552–7560. 

Oztop H.F. & Abu-Nada E. 2008. Numerical study of natural convection in partially heated rectangular enclosures 

filled with nanofluids. International Journal of Heat and Fluid Flow 29(5): 1326–1336. 

Rahman M.M. 2011. Locally similar solutions for hydromagnetic and thermal slip flow boundary layers over a flat 

plate with variable fluid properties and convective surface boundary condition. Meccanica 46(5): 1127–1143. 

Rehman S., Idrees M., Shah R.A. & Khan Z. 2019. Suction/injection effects on an unsteady MHD Casson thin film 

flow with slip and uniform thickness over a stretching sheet along variable flow properties. Boundary Value 

Problems 2019(1): 1–24. 

Shampine L.F., Gladwell I. & Thompson S. 2003. Solving ODEs with MATLAB. New York, USA: Cambridge 

University Press. 

Sundar L.S., Singh M.K. & Sousa A.C.M. 2014. Enhanced heat transfer and friction factor of MWCNT-Fe3O4/water 

hybrid nanofluids. International Communications in Heat and Mass Transfer 52: 73–83. 

Suresh S., Venkitaraj K.P., Selvakumar P. & Chandrasekar M. 2011. Synthesis of Al2O3-Cu/water hybrid nanofluids 

using two step method and its thermo physical properties. Colloids and Surfaces A: Physicochemical and 

Engineering Aspects 388(1–3): 41–48. 

Takabi B. & Salehi S. 2014. Augmentation of the heat transfer performance of a sinusoidal corrugated enclosure by 

employing hybrid nanofluid. Advances in Mechanical Engineering 6: 1–16. 

Tham L.Y.S., Nazar R. & Pop I. 2012. Mixed convection flow at the lower stagnation point of a circular cylinder 

embedded in a porous medium filled by a nanofluid containing gyrotactic microorganisms. Journal of Quality 

Measurement and Analysis (JQMA) 8(2): 45–63. 

Tlili I., Samrat S.P., Sandeep N. & Nabwey H.A. 2021. Effect of nanoparticle shape on unsteady liquid film flow of 

MHD Oldroyd-B ferrofluid. Ain Shams Engineering Journal 12(1): 935–941. 

Tshehla M.S. 2011. The flow of a Carreau fluid down an incline with a free surface. International Journal of Physical 

Sciences 6(16): 3998–4012. 



 

Carreau Hybrid Nanofilm Flow over a Stretching Sheet with Suction/Injection Effect  

 

Waini I., Ishak A. & Pop I. 2021a. Aliran titik genangan MHD dan pemindahan haba terhadap permukaan telap 

meregang/mengecut dalam nanobendalir hibrid. Sains Malaysiana 50(9): 2819–2832. 

Waini I., Ishak A. & Pop I. 2021b. Melting heat transfer of a hybrid nanofluid flow towards a stagnation point region 

with second-order slip. Proceedings of the Institution of Mechanical Engineers, Part E: Journal of Process 

Mechanical Engineering 235(2): 405–415. 

Wang C. 2006. Analytic solutions for a liquid film on an unsteady stretching surface. Heat and Mass 

Transfer/Waerme- und Stoffuebertragung 42(8): 759–766. 

Wang C.Y. 1990. Liquid film on an unsteady stretching surface. Quarterly of Applied Mathematics 48(4): 601–610. 

Xu H., Pop I. & You X.C. 2013. Flow and heat transfer in a nano-liquid film over an unsteady stretching surface. 

International Journal of Heat and Mass Transfer 60(1): 646–652. 

Zainal N.A., Nazar R., Naganthran K. & Pop I. 2020. Unsteady stagnation point flow of hybrid nanofluid past a 

convectively heated stretching/shrinking sheet with velocity slip. Mathematics 8(10): 1649. 

Zainal N.A., Nazar R., Naganthran K. & Pop I. 2021. MHD flow and heat transfer of hybrid nanofluid over a 

permeable moving surface in the presence of thermal radiation. International Journal of Numerical Methods 

for Heat & Fluid Flow 31(3): 858–879. 

 

 

 

Department of Mathematical Sciences 

Faculty of Science and Technology  

Universiti Kebangsaan Malaysia 

43600 UKM Bangi 

Selangor DE, MALAYSIA 

E-mail: p109938@siswa.ukm.edu.my*, rmn@ukm.edu.my, ishak_h@ukm.edu.my 

 

Institute of Mathematical Sciences 

Center for Data Analytics Consultancy & Services 

Faculty of Science 

Universiti Malaya 

50603 Kuala Lumpur, MALAYSIA 

E-mail: kohi@um.edu.my 

 

 

 

Received: 22 May 2023 

Accepted: 21 August 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*Corresponding author                                      

 


