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ARTICLE INFO ABSTRACT

Fluid flow around a rotating cylinder (or between two rotating
Article Type: cylinders) is a common phenomenon in various industrial processes.
Original Research These processes range from contact drum dryers in chemical

processing, food manufacturing, papermaking, and textile industries
to cylindrical cooling devices used in glass and plastics industries. This
Received: 01.12.2025 study numerically investigates the flow field and heat transfer over a
iewsetd:d-ofilfézzoozzss cylindrical obstacle. The effects of the cylinder’s orientation angle (0°
ceeplec: 222>, < a <90°), gap thickness (0 < S/D < 0.2), and Reynolds number (100 <
Re < 400) on the two-dimensional laminar flow patterns, pressure

Keyword: drop, and heat transfer characteristics are analyzed to assess the

Eeat tr_anslfe_r lati impact of these parameters on the hydrodynamic and thermal
C ulIirrliirel;a simulation performance of the fluid flow. The results indicate that a cylinder with
O}t])stacle angle a gap exhibits superior thermal performance compared to a simple

Gap thickness cylinder. The optimal thermal performance is achieved when the gap
on the cylinder is oriented at 60 degrees relative to the horizontal axis.
Furthermore, the study highlights that the best heat transfer efficiency

ﬁggfds ﬁg?g:zi gg}:hA(;:;)uzi is observed at a gap ratio of S/D=0.1. Based on these findings, it is

Email: recommended that for enhanced heat transfer, the cylindrical obstacle
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EXTENDED ABSTRACT

Introduction

As modern electronic components become smaller, the power consumption of
electronic systems is continuously increasing. Consequently, high-efficiency cooling
designs are required to maintain device temperatures at desirable levels. Today,
cylindrical and prismatic bodies play a significant role in many small and large devices.
One method involves passive disturbance using a gap to assess the effectiveness of flow
structure modification around a circular or cylindrical fin and enhance heat transfer. The
effects of the orientation angle of the cylindrical obstacle (0° < a < 90°), gap thickness (0
<S/D < 0.2), and Reynolds number (100 < Re < 400) on the flow pattern, fluid pressure
drop, and heat transfer characteristics were analyzed. At the inlet, fluid enters the
computational domain with a uniform velocity (coU) and a uniform cold temperature
(Tin). This problem was solved using the finite volume method, considering no-slip
velocity conditions. The impact of angle and gap thickness on heat transfer and fluid
pressure drop over the cylindrical obstacle was studied.

Methodology
In this study, the numerical modeling of steady, incompressible fluid flow and heat

transfer in a channel, as well as the determination of dimensionless coefficients, were
carried out using the finite volume method and Fluent software for simulation. The
computational domain parameters are shown in Table 1. The cylinder's surface is assigned
a no-slip boundary condition, while symmetry boundary conditions are used for the upper
and lower surfaces. The inlet air has a temperature of 293 K, and the cylinder, placed against
the incoming flow, is set at 373 K.

Table 1. Values of geometric parameters of the computational domain.

Property Value

D Unit

Lu 20D

Lv 30D

Lw 40D

LD 0.25D
S/D 0-0.2

a 0-90°

Air was considered as the fluid flowing over the cylinders, and the cylinders were
assumed to be made of aluminum for better heat transfer. The thermophysical properties of
the working fluid and cylinders are provided in Table 2.
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Table 2.Thermophysical properties of the working fluid and cylinders.
Property Air Cylinders
Density (p) (kg/m3) 1.225 2719
Specific Heat (Cp) (J/kg-K) 1006.43 871
Thermal Conductivity (K) (W/m2-K) 0.0242 202.4
Viscosity (1) (Pa-S) 1.7894e-05 -

Results and discussion

The variations in heat transfer between the cylinder and fluid for different gap
orientation angles and Reynolds numbers are shown in Figure 1. It is observed that the
maximum heat transfer occurs when the gap orientation angle is 60°. In this case, the fluid
passing through the gap impacts the downstream region, with the fluid ejected upward as a
jet, reaching a greater range. Ata higher angle, such as 90°, the fluid struggles to flow upward
through the gap, resulting in reduced velocity and limited upward jet penetration.
Furthermore, with increasing Reynolds number;, the heat transfer increases across all cases
due to greater turbulence induced after the fluid interacts with the cylinder.
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Figure 1. Changes in the heat transfer value at different fluid Reynolds numbers for different
cylinder gap angles.
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The heat transfer variations for different gap ratios (S/D) of the cylindrical obstacle
at various Reynolds numbers are presented in Figure 2. It is observed that at a specific
gap ratio (S/D = 0.1), the heat transfer reaches its maximum value across all Reynolds
numbers. This behavior is due to the fluid passing through the narrow gap forming a
strong jet, which significantly affects the downstream flow by promoting enhanced
mixing and thermal boundary layer disruption. At this ratio, the jet’s upward ejection is
particularly effective in transferring heat. However, when the gap ratio exceeds 0.1, the
fluid flow through the gap becomes less constrained, leading to reduced jet velocity and
penetration. This diminishes its influence on the downstream flow, resulting in a
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gradual decrease in heat transfer efficiency. The reduced interaction between the gap-
induced jet and the surrounding fluid highlights the importance of maintaining an
optimal gap ratio for maximum heat transfer. Additionally, increasing the Reynolds
number enhances the overall heat transfer performance. This is attributed to the higher
flow velocities and increased turbulence, which improve mixing and disrupt thermal
boundary layers more effectively. These results underline the complex interplay
between gap ratio, Reynolds number, and heat transfer mechanisms in the system.
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Figure 2. Heat transfer variations for different gap ratios (S/D) and Reynolds numbers.

Conclusion

This study investigated the impact of gap orientation and thickness of a cylindrical
obstacle on flow and heat transfer performance using the finite volume method and
Fluent software. The analysis was conducted for four different gap ratios (S/D), four
obstacle orientation angles (0° < a < 90°), and Reynolds numbers (100 < Re <400). The
results indicate that increasing the Reynolds number leads to higher heat transfer due
to enhanced convective heat transfer, although the fluid's outlet temperature decreases.
Additionally, the study explored the effects of the S/D ratio on the cylindrical obstacle.
The findings show that the presence of a gap in the cylinder at a 60-degree angle results
in maximum heat transfer and efficiency. Moreover, the optimal performance occurs
when the cylinder is positioned at a 60-degree angle with an S/D ratio of 0.1.
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