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Abstract. Nanofluid heat transfer behaviour between concentric independently rotating tubes 

with an axial flow was numerically investigated. Co-rotating and counter-rotating of the inner 

and outer tubes was simulated at a fixed rotation number. Flow inside the annulus was 

turbulent with Reynolds number of 5000 and 10000. k-epsilon turbulent model was used and 

the current work is in agreement with published experimental work. Mixture-multiphase model 

was used to model the multiphase flows of the TiO2/water nanofluid. Results show that the 

Nusselt number increases with the Reynolds number. At a constant Reynolds number, different 

Nusselt number distribution along the hotted tube for co-rotating and counter-rotating tube was 

observed. The counter-rotating tube was found to be more efficient in enhancing the heat 

transfer rate in comparison to the co-rotating tube. 

1. Introduction 

Flows between rotating tubes is known as Taylor-Couette-Poiseuille flow. This type of flow is 

imminent in industry due to its significant application in rotating machineries and heat exchangers. To 

optimize the performance of rotating machineries and heat exchangers, a better knowledge of the 

convective heat transfer is required. The difficulties in carrying out experiments due to higher inner 

cylinder rotation and narrow gap between the outer and inner cylinders make numerical simulation to 

be a powerful tool to understand the knowledge of the heat transfer. Poncet et al. [1] simulated the 

heat transfer in rotating tubes and found that the Nusselt number increases with both the rotation rate 

of the inner cylinder and the Reynolds number. Recently, a study was conducted on an enclosed 

rotating tube to investigate the stability of the flow submitted to a radial temperature gradient and 

found that the heat transfer process along the inner and outer walls were enhanced due to the thermo-

convective structure of the flow [2].  

All the previous investigations on the topic of heat transfer of rotating tubes were only done 

using water or air. The heat exchanger requires working fluids that possess high thermal conductivity 

values for a better heat transfer process. Conventional heat transfer fluid such as water and ethylene 

glycol exhibit low thermal properties. Countless researches have been done to enhance thermal 

conductivity of conventional fluids by adding nanoparticles. Choi [3] started to add solid particles to 

increase the thermal conductivity of fluid. Nanometer diameters of the particles were added into the 

conventional fluid (water, ethylene glycol and oil), which were eventually called nanofluids, showed 

significant heat transfer enhancement [3]. Many investigations on nanofluids were later done to study 

1

Fifteenth Asian Congress of Fluid Mechanics (15ACFM)                                                                  IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 822 (2017) 012034         doi:10.1088/1742-6596/822/1/012034

International Conference on Recent Trends in Physics 2016 (ICRTP2016) IOP Publishing
Journal of Physics: Conference Series 755 (2016) 011001 doi:10.1088/1742-6596/755/1/011001

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd



 

 

 

 

 

 

the effect of particle type, size, and volume percentage, based on the fluid type and its application in 

heat exchanger [4-6]. Ting and Hou [6] numerically discovered that the heat transfer coefficient of 2.5 

vol % Al2O3-water nanofluid increased by 25.5% compared with pure water in force convection case.  

The previous studies of nanofluid heat transfer in rotating tubes were focused on forced, 

natural and mixed convection of the infinite tube length. In the authors’ knowledge, no study has been 

conducted yet on nanofluid heat transfer in finite length independently rotating tubes. Therefore, the 

objective of the present work is to investigate numerically the heat transfer of TiO2/water nanofluid in 

finite length independently rotating tubes. 

 

2. Numerical Works 

 

2.1 Geometry and boundary conditions 

Numerical domain of a two-dimensional axi-symmetry tubes with a length of L/dh = 60 and radius 

ratio (k = r1/r2) is shown in Fig. 1. A uniform axial velocity is assigned at the velocity inlet based on 

the Reynolds number. While, a fully developed condition is assumed at the outlet and all derivatives 

are taken as zero. The inner and outer wall tubes are assigned as a non-slip moving wall condition with 

Ni and No rotation number. A constant heat flux is fixed at the inner tube. The assumptions made for 

this numerical analysis are; (1) steady state analysis, (2) effective thermo-physical properties of the 

nanofluid depends on volume concentration, and (3) fluid is continuum. 

 

Figure 1. Numerical domain with respective boundary condition. 

 

2.2 Turbulence model 

The realizable 𝒌 − 𝜺 turbulence model was used in this study. Relation of the turbulent viscosity 𝝁𝒕 =
𝝆𝑪𝝁𝒌

𝟐/𝜺 is assigned to combine the turbulent kinetic energy and turbulent dissipation rate.  

 

2.3 Mixture-Multiphase model 

The classical mixture theory [7-9] is applied for the Mixture-multiphase model. Generalization 

principles of continuum mechanics for a single phase to several inter-penetrable continua are 

employed in this method. Moreover, all phases are assumed to exist at every material point and time in 

the Mixture model. The Mixture model solves the continuity equation for the mixture, the volume 

fraction equation for the secondary phase, the momentum equation for the mixture, the energy 

equation for the mixture and algebraic expressions for the relative velocities. 

The continuity equation for the mixture is shown in Eq. 1 

𝛁 ∙ (𝝆𝒎𝒗⃑⃑ 𝒎) = 𝟎                                                                                                                                           (𝟏) 

and for the volume fraction of secondary phase is depicted in Eq. 2 

  

 

q = constant Flow out Flow in 

No 

Ni 
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𝛁 ∙ (𝜶𝒑𝝆𝒑𝒗⃑⃑ 𝒎) = −𝛁 ∙ (𝜶𝒑𝝆𝒑𝒗⃑⃑ 𝒅𝒓,𝒑)                                                                                                                  (𝟐) 

Momentum equation 

𝛁 ∙ (𝝆𝒎𝒗⃑⃑ 𝒎𝒗⃑⃑ 𝒎) = −𝛁𝒑 + 𝛁 ∙ [𝝁𝒎(𝛁𝒗⃑⃑⃑⃑  ⃑
𝒎 + 𝛁𝒗⃑⃑ 𝒎

𝑻 )]𝒎̇ + 𝝆𝒎𝒈⃑⃑ + 𝑭⃑⃑ + 𝛁

∙ (∑ 𝜶𝒌𝝆𝒌𝒗⃑⃑ 𝒅𝒓,𝒌𝒗⃑⃑ 𝒅𝒓,𝒌

𝟐

𝒌=𝟏

)             (𝟑) 

where𝒗⃑⃑ 𝒅𝒓,𝒌 is the drift velocity for secondary phase k; 

𝒗⃑⃑ 𝒅𝒓,𝒌 = 𝒗⃑⃑ 𝒌 − 𝒗⃑⃑ 𝒎                                                                                                                                                  (𝟒) 

Energy equation is given as 

𝛁 ∙ ∑(𝜶𝒌𝒗⃑⃑ 𝒌(𝝆𝒌𝑬𝒌 + 𝒑))

𝟐

𝒌=𝟏

= 𝛁 ∙ (𝒌𝒆𝒇𝒇𝛁𝑻) + 𝑺𝑬                                                                                          (𝟓) 

 

2.4 Numerical procedure 

The commercial code Ansys Fluent was employed in the present study. A set of nonlinear partial 

differential equations was solved by finite volume method. The convergence was set at residual about 

10-12 for the energy equation.  

 

2.4.1 Validation of the numerical work. 

Validation of the Mixture-multiphase model and numerical procedure was done by comparing the 

axial velocity profile at Reynolds number Re=10000 with the previous experimental work of Rothe 

and Pfitze [10]. 

  

3. Results and discussion 

Figure 2 shows a radial distribution of an axial velocity at the outlet of the tubes. It can be seen clearly  

that the current simulation result is in close agreement with the experimental work by Rothe and 

Pfitzer [10].  
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Figure 2. Axial velocity profile for counter-rotating tubes at Re=10000. 

 

 Figure 3 shows the local Nusselt number along the inner tube wall at Re = 5000 and 10000 for 

counter-rotating tubes. 

 

Figure 3. Local Nusselt number along the inner tube wall (N2 N-2) at Re= 5000 and 10000. 

It can be observed that the Nusselt number is higher at the tube entrance for both cases of Re = 5000 

and 10000. The overall recorded Nusselt number for Re=10000 is higher compared to Re = 5000. 

Moreover, increase in vol% of the TiO2 nanoparticle contributed to the increase of the Nusselt number. 

Along the inner tube after the entrance region, the Nusselt numbers recorded were constant for the 

remaining 80% of the total tube length. 

 Figure 4 shows the local Nusselt number along the inner tube wall at Re = 5000 and 10000 for 

co-rotating tubes. 

 

Figure 4. Local Nusselt number along the inner tube wall (N2 N2) at Re= 5000 and 10000. 

The Nusselt number was found to be higher at the tube entrance for both cases Re = 5000 and 10000. 

The Nusselt number at Re = 10000 is higher compared to Re = 5000. Moreover, increase in vol% of 

the TiO2 nanoparticle also increases the Nusselt number. Along the inner tube, the Nusselt number 

 

Re = 10000 

 

Re = 5000 

N
u
 

 

 

Re=10000 

Re=5000 

N
u
 

4

Fifteenth Asian Congress of Fluid Mechanics (15ACFM)                                                                  IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 822 (2017) 012034         doi:10.1088/1742-6596/822/1/012034



 

 

 

 

 

 

decreases towards the end of the tube. From the results, it is interesting to discover that the counter-

rotating tubes helped significantly to increase the heat transfer compared to co-rotating tubes. 

 

Conclusions 

Nanofluid heat transfer behaviour between concentric independently rotating tubes with axial flow 

was successfully simulated. The Nusselt number for Re=5000 and 10000 cases show similarity at the 

tube entrances for both cases of co-rotating and counter-rotating. Increase in vol% of the TiO2 

nanoparticle increases the Nusselt number. On the other hand, constant Nusselt number is observed 

along the inner tube for counter-rotating case. The co-rotating case shows a decrease in the Nusselt 

number towards the tube end. Moreover, the counter-rotating tubes enhanced the heat transfer more 

effectively compared to the co-rotating tubes for cases of Re = 5000 and 10000. 
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