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ABSTRACT

This study numerically.investigates the effects of different arrangements of three rotating cylinders inside a tall
rectangular enclosure on the flow:pattern and enhancement of natural convection heat transfer. The two-
dimensional, steady, single-phase flow.<and energy equations were solved using the finite volume method. The
impact of parameters such as cylinder configurations (1 to 5), angular velocities (from -5 to +5), and relative
rotation directions on the flow‘pattern; power required to rotate the cylinders, and heat transfer rate enhancement
inside the enclosure was evaluated: Results were compared with a cylinder-free enclosure under various conditions.
The presence of three cylinders, whether stationary or rotating, altered the natural convection flow pattern by
splitting the primary vortex into multiple vortices of varying sizes. Counterclockwise rotation of the cylinders
resulted in a greater increase in the Nusselt number.compared to clockwise rotation. The greatest Nusselt number
enhancement, about 47.6%, occurred in Case 1 at an angular velocity of -5 when all cylinders rotated
synchronously. Additionally, independent rotation of-cylinders with angular velocities ®=t5, ®=+5, and ®=-5 in

Case 1, increased the average Nusselt number by approximately 66%:

KEYWORDS
Heat transfer enhancement, Finite volume method, Natural convection,«Cylinder arrangement, Angular

velocity.

* Corresponding Author: Email: h.moayedi@mazust.ac.ir



1. Introduction

Natural convection within enclosures plays a critical
role in numerous engineering systems, ranging from
heat exchangers and power generation facilities to solar
thermal collectors and building ventilation. Tall
enclosures are particularly noteworthy for their ability
to sustain strong convective flows [1]. To improve the
thermal performance of such systems, a variety of active
and passive enhancement strategies have been
developed. The placement of a cylinder inside the
enclosure represents “one such effective passive
technique.” Alsabery et al. [2] conducted a numerical
study on the effects of a-rotating cylinder on entropy
generation and, heat<transfer within an enclosure
featuring corrugated walls. Their. results demonstrate
that, at low Rayleigh numbers, the:Nusselt number is
enhanced by increasing the cylinder rotation velocity
and the nanofluid volume fraction. Farahani et al. [3]
numerically investigated “the effects of “the radius,
horizontal position, and verticalsposition of a rotating
and oscillating cylinder on heat, transfer enhancement
within a tall enclosure. Their results indicate that these
geometric parameters influence the thermal performance
of the enclosure. Furthermore, they reported that the
average Nusselt number increases by approximately
12.5% with increasing rotational wvelocity. While
previous studies have focused on the effect of one or
two rotating cylinders on natural convection, the
combined influence of three rotating cylinders in tall
rectangular enclosures has not been thoroughly
investigated. This study addresses this gap by
numerically examining the effects of three rotating
cylinders on flow patterns and heat transfer
enhancement. The effects of cylinder arrangement,
angular  velocity, and rotational direction are
systematically analyzed.

2. Geometry

The computational domain and the associated two-
dimensional geometry are shown in Fig. 1, covering
both the baseline configuration (an enclosure without
any cylinders) and the configurations featuring three
cylinders of uniform diameter (D) positioned in various
arrangements. The corresponding geometric dimensions
and the properties of air are given in Table 1. The fluid
is assumed to have constant thermophysical properties,
with the exception of density, which is computed using
the Boussinesq approximation to account for buoyancy
effects. The cylinders are assigned a constant angular
velocity (w) and rotate in either the clockwise or
counterclockwise direction.
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Figure 1. Schematic representation of the
computational geometry.

Table 1. Geometric dimensions and thermophysical
properties [3]

Parameter Value (unit)
Length (H) 0.4 (m)
Width (L) 0.05 (m)
Diameter (D) 0.015 (m)

Thermal conductivity (K)
Specific heat capacity (Cp)
Dynamic viscosity (u)

0.0242 (W/m.K)
1006.43 (j/kg.K)
1.789e-5 (kg/m.s)

3. Governing Equations

The governing equations for the flow and heat transfer
are stated below for steady, two-dimensional flow, with
local turbulence due to cylinder rotation modeled using
k-¢ turbulence model [4]. Notably,“this study employs
the SIMPLE algorithm in Fluent software. Divergence,
gradient, and laplacian terms in Eqs. (1) (3).are
discretized separately by using proper discretization
schemes.
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4. Results and Discussion

This study evaluates heat transfer enhancement in an
enclosure containing three rotating cylinders. The ratio
of average Nusselt number (Num/Nugmo) is presented in
Fig. 2 for various configurations and rotational speeds at
Ra=5x10°. The presence of, stationary« cylinders
increases the Nusselt number by:5.6%«(Case 2) and
10.2% (Case 3). Rotation further enhances heat transfer,
with Case 5 showing improvements of 8.3% and‘33.4%
at angular speeds of +5 and -5, respectively.
Counterclockwise rotation generally yields higher
Num/Numg ratios in most configurations. The maximum
enhancement (47.6%) occurs for Case 1 at —5 rad’s.
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Figure 2. Ratio of average Nusselt number for
various cases for different rotational velocity
(Ra=5x10°)

Fig. 3 shows the power required to rotate the
cylinders as a function of rotational velocity for various
cases at Ra=5x10° The cylinder arrangement affects
power consumption by modifying the flow pattern.
Changing from Case 5 to 2 reduces power by 95.2% at
+5 rad/s. The lowest power consumption occurs for
Cases 2 and 1 at +2.5 rad/s. Clockwise rotation requires
less power than counterclockwise rotation.
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Figure 3. Power required to rotate the cylinders for
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various cases for different rotational velocity
(Ra=5x10%)

5. Conclusions

This study numerically examines the effects of
three rotating cylinders on natural convection heat
transfer in a rectangular enclosure. The influence of
cylinder arrangement, rotational velocity, and
direction is analyzed. Results show that the
presence of cylinders enhances heat transfer, with
configurations near the hot wall yielding higher
velocities. Case 5 requires the most power at +5
rad/s, while Cases 2 and 1 require the least at +2.5
rad/s. Counterclockwise rotation yields higher ratio
of average Nusselt number. The maximum heat
transfer enhancement (47.6%) occurs for Case 1 at
—5srad/s. Varying individual cylinder rotations in
Case 1 significantly alters flow pattern, power
required, and Nusselt number.
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3 Direct Numerical Simulation (DNS)
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! Least-squares gradient

2 SIMPLE (Semi-Implicit Method for Pressure-linked Equations)
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