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ABSTRACT: Wind deteriorates the thermal performance of natural draft dry cooling towers. In this
study, the thermal performance of two side-by-side natural draft dry cooling towers with an elliptical
radiator arrangement was numerically compared with that of a conventional circular arrangement using
three-dimensional CFD simulations. Results revealed that the presence of an adjacent tower leads to
a reduction in the heat transfer rate of each individual tower compared to the single-tower operation,
highlighting the significant impact of flow interference between the towers. However, at wind speeds of
7 and 10 m/s, the elliptical arrangement outperformed the circular layout. Under high-wind conditions,
the elliptical tower improves the thermal efficiency by approximately 18.2% to 29.5% compared to the
conventional circular tower. Detailed flow field analysis revealed that the enhanced passage of warm air
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over the rear radiators in the elliptical arrangement increased the average temperature gradient along the P €

lateral surfaces of these radiators, thereby improving their heat transfer rate. The findings suggest that
the optimal radiator arrangement depends on the prevailing wind conditions at the installation site and

Circular Cooling Tower

Windy Condition

plays a critical role in improving the thermal performance of natural draft dry cooling towers.

Side-by-Side Layout

1- Introduction

Power generation in thermal power plants is highly
dependent on the condenser pressure, which in turn is governed
by the inlet temperature of the cooling water. Unfortunately,
crosswind significantly deteriorates the thermal performance
of such cooling towers, resulting in reduced power generation
as explained above. We et al. [1] showed through numerical
simulations that two main factors contributed to the reduction
in cooling tower efficiency. Several approaches have been
proposed to mitigate the negative wind effects on NDDCT
performance. Extensive research has shown that solutions
modifying the flow pattern around the radiators are generally
more effective. Goodarzi and Ramezanpour [2] proposed an
elliptical arrangement of radiators instead of the conventional
circular layout. They showed that an elliptical configuration,
with its minor axis aligned with the wind direction, enhanced
the thermal performance of the cooling tower under crosswind
conditions.

In practice, a thermal power plant typically employs
multiple cooling towers may operating side-by-side. A
review of the above studies reveals that a vast majority
of previous works have focused on mitigating the adverse
effects of wind on a single cooling tower. However,
considering that a thermal power plant typically employs
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groups of cooling towers, the mutual aerodynamic and
thermal interactions among towers have received relatively
limited attention. Recent research efforts have primarily
focused on the use of windbreaks, the first and the most
common mitigation technique on groups of adjacent cooling
towers [3,4]. It seems that there is a gap in the knowledge
of the potential positive effects of other proposed strategies,
such as using non-circular radiator arrangements, which
have not yet been explored in multi-tower systems.
Therefore, the novelty and contribution of the present study
is to numerically investigate the influence of the elliptical
radiator arrangement, originally proposed by Goodarzi
and Ramezanpour [2], on the thermal performance of two
side-by-side cooling towers compared to the conventional
circular configuration.

2- Modeling

The airflow inside and around the cooling towers
is assumed to be steady, turbulent, and incompressible.
To take account the buoyancy effect arising from small
density variation between hot and cold air, the Bossiness
approximation is applied in the vertical momentum equation.
Turbulence is modeled using the standard model. The
radiators are modeled as zero-thickness porous surfaces
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Table 1. Thermal efficiency and percent of thermal improvement of elliptical cooling tower
at different wind speeds.

. . Wind velocity (m/s
Cooling tower cross section Performance y (/s)
3 5 7 10
Circular Thermal efficiency (%) 88.1 749 62.0 68.0
Lo Thermal efficiency (%) 81.9 66.7 733 88.0
Elliptical . 0
Thermal improvement (%) -7.0 -10.9 182 29.5

with a prescribed hot-water temperature. As the air passes
through these radiators, it experiences both temperature rise
and pressure drop. Accordingly, the effects of the radiators
are represented by momentum and energy source terms in the
governing equations.

Governing equations along with their corresponding
boundary conditions were discretized using the finite
volume method (FVM) on the constructed computational
mesh and solved with ANSYS Fluent software. The SIMPLE
algorithm was employed to couple the velocity and pressure
fields and to solve the resulting set of nonlinear algebraic
equations.

3- Results and Discussion
An indicator called “thermal improvement percentage”
was introduced, defined as:

Qelliptical - Qcircular

(1
Qcircular

Thermal improvement (%) =

The numerical results of both thermal efficiency and
thermal improvement percentage for all four configurations
are summarized in Table 1. According to these results, all
three elliptical-tower arrangements exhibit higher thermal
performance than the conventional circular arrangement at
wind velocities of 7 m/s and 10 m/s. At lower wind velocities
(3 m/s and 5 m/s), thermal performances of layouts 3 and 4
remain comparable to that of the circular layout.

Moreover, the thermal efficiencies of all three elliptical-
tower configurations at wind velocities of 7 m/s and 10 m/s
are even higher than that of a single isolated circular tower
without the presence of an adjacent tower. Additionally,
comparing the thermal efficiency values of the circular tower
in Table 3 with those shown in Fig.7 reveals that the efficiency
of an isolated tower is higher than that of a tower located
adjacent to another, confirming the negative aerodynamic
interference between neighboring units.
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Fig.l1 shows polar curves depicting dimensionless
distribution of outlet water temperature leaving radiator at
four different wind velocities. It shows that there is possibility
for warmed intake airflow to cross the rearward radiators out,
which may make non-proportionality between intake mass-
airflow-rate and cooling capacity.

Flow details inspection reveals that, for the center-to-
center spacing between the two towers considered in this
study, the presence of an adjacent cooling tower has only a
slight influence on the flow field of the other tower, although
this interaction becomes more noticeable at higher wind
velocities. Nevertheless, the aerodynamic interference caused
by the neighboring tower is more significant in the case of
elliptical arrangement.

4- Conclusions
The main findings of this study are summarized as

follows:

* Due to the smaller cross-sectional area of the elliptical
cooling tower compared to the circular type, the mass
flow rate through the tower under no-wind conditions
decreases, leading to a 3.8% reduction in heat transfer
compared to the conventional circular tower.

* The side-by-side elliptical configuration exhibits higher
thermal efficiency than circular towers at the wind
velocities of 7 and 10 m/s.

* Under high windy conditions, elliptical towers arranged
side-by-side can enhance thermal performance by
18.2% to 29.5% relative to the conventional circular
configuration.

* The formation of quasi-stagnant regions and the
outflow of warm internal air through the rear radiators
reduce the average temperature gradient over both
sides of radiator surfaces, and are identified as the
main causes of thermal efficiency degradation.
The cross-sectional geometry and spatial arrangement
of the towers directly affect these regions and
consequently the averaged thermal gradient over the
radiator surfaces.
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Fig. 1. Dimensionless distribution of outlet water temperature leaving radiator at different
wind velocities.
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Fig. 3. Flow-field dimensions and boundary conditions at design operation.
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Fig. 4. Flow-field dimensions and boundary conditions at windy condition.
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Fig. 5. Details of the polyhedral mesh in the plane corresponding to the tower symmetry section.
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Table 1. Constant thermophysical properties and parameters used in the numerical simulations.
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Table 2. Grid independence analysis.
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Fig. 6. Variation of thermal efficiency of the circular cooling tower with wind speed.
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Fig. 7. Variation of chimney mass flow rate (right) and thermal efficiency (left) of each of twin cooling
towers in side-by-side arrangement.
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Table 3. Thermal efficiency and percent of thermal improvement of elliptical cooling tower at different
wind speeds.
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Fig. 8. Temperature contour with vector velocities, and dimensionless distribution of outlet water tem-
perature leaving radiator at 3 m/s wind velocity.
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Fig. 9. Temperature contour with vector velocities, and dimensionless distribution of outlet water tem-
perature leaving radiator at S m/s wind velocity.
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Fig. 10. Temperature contour with vector velocities, and dimensionless distribution of outlet water tem-
perature leaving radiator at 7 m/s wind velocity.
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Fig. 11. Temperature contour with vector velocities, and dimensionless distribution of outlet water tem-
perature leaving radiator at 10 m/s wind velocity.
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