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Abstract

In dry cooling towers of power plants, the presence of a peak cooler is essential to
increase the efficiency of cooling systems and improve thermal performance in high-
temperature conditions. Also reversing the flow, protect the surrounding heat
exchangers from freezing in winter. The appropriate position of this structure and its
effect on performance has the particular importance. In this paper, the effect of the
peak cooler structure on airflow and the efficiency of the dry cooling tower has been
studied. For this purpose, buoyancy-driven flow considering heat transfer from the
tower radiators for two cases, with and without a peak cooler, was simulated using
ANSYS Fluent 22 software. In this paper, the turbulence and buoyancy effects is
considered using k-¢ model, as well as with using radiator boundary condition, the
effect of pressure drop and heat transfer of the radiator is considered. The results show
that the peak cooler structure has a significant negative impact on the flow rate inside
the tower and consequently reduces heat transfer from the delta-shaped heat
exchangers around the tower (excluding heat transfer from the heat exchangers inside
the peak cooler). Also, due to vortex flows around the peak cooler, the flow rate over
the delta-shaped heat exchangers decreases approximately 8%. With despite of the
decrease in flow rate and heat transfer from the delta-shaped radiators due to the
structure of peak cooler, the total flow rate of the tower and its heat transfer increases
because of the using the fan inside the peak cooler and increasing 10% in the radiator
surface area. The negative effects can be reduced by moving them towards the center
of the tower.
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1- Introduction

The Heller cooling tower was first used and
operated by the Enixio company in Hungary in 1950
and was introduced as the best dry cooling tower
with acceptable costs. This cooling tower has a coil
(condenser) through which water flows, and at the
same time, air passes over it by natural suction,
causing it to cool down.

Numerous studies have been conducted regarding
the efficiency of Heller cooling towers. In 2011,
Reuter and his colleague developed a 2D
(axisymmetric) computational fluid dynamics

model using the commercial code ANSY'S Fluent to
simulate flow patterns, loss coefficients, and
effective flow diameter of circular natural draft
cooling tower inlets. They proposed simple
relationships for determining the cooling tower inlet
loss coefficient and the ratio of the effective flow
diameter of the inlet to full-scale cooling towers,
excluding the effect of rain zones and structural
supports around the cooling tower inlet [1].

In 2022, Malek Mohammadi and his colleagues
investigated the replacement of wet cooling towers
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at the Isfahan thermal power plant with Heller
natural draft dry cooling towers. They simulated the
thermodynamic cycle of the power plant and
evaluated the effect of condenser temperature on the
power plant's efficiency and output power. Their
results showed that this replacement leads to an
increase in condenser temperature by removing the
last row of low-pressure turbine blades. However,
by replacing the cooling tower without removing
the last row of turbine blades, the power plant's
output power and efficiency decrease by
approximately 12.4 MW and 1.68%, respectively

[2].

By reviewing the previously published studies, it
can be seen that the majority of them focus on the
effect of wind on the efficiency of Heller cooling
towers, and no research is found regarding the effect
of internal equipment on the efficiency of the
cooling tower. Therefore, in this article, the effect
of the peak cooler structure on airflow and cooling
tower efficiency is investigated

2- Numerical Modeling

The  governing equations  for  steady,
incompressible, buoyant, and turbulent airflow
include equations for modeling the conservation of
mass, momentum, energy, and turbulence [3]. In
this paper, the concept of a porous medium is used
to simulate the radiators around the tower, which
utilizes the Forgo model. The following equation is
used for the pressure drop of the flow passing
through the radiators [4]:

AP =%kv Y @

where the pressure drop coefficient is based on
experimental data [5]:

k, =13.03/,°* +0.436 2

For discretizing the governing equations in the
present numerical study, a second-order upwind
scheme is used. The final discretized algebraic
equations are solved using the Simple algorithm [6]
in the commercial CFD code Fluent.

3- Geometry and Boundary Conditions

As shown in Figure 1, the tower includes 12 peak
coolers in 6 sectors, each sector including 60
degrees and a pair of peak coolers with a 24-degree
angle. On the other hand, the two peak coolers in
two different sectors have a 36-degree angle with
each other. In each 60-degree sector of the tower,
there are 16 triangular deltas, and in total around the
tower circumference, there are about 96 deltas with
a height of 15 meters.

At the top of the tower, the Pressure outlet boundary
condition is used, and in the delta sections, the
Radiator boundary condition is used. In the Radiator
boundary condition, the inlet pressure drop can be
entered as a coefficient of the fluid's kinetic energy,
which based on the values available in articles, this
pressure drop coefficient is used from equations 8
to 10 and heat transfer from it is used from equations
9to 11.

Figure 1: Geometric model of the tower and a tower sector with
two peak coolers
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4- Mesh Independency

To investigate the effect of meshing on the solution
results, the variable of air flow rate exiting the tower
(under free convection) was examined for several
regular and irregular meshes. As shown in the table
below, the calculation of the tower air flow rate in
the computational domain for different meshes is
less than 10%, and for meshes 2 and 3, the changes
are below 1% and are acceptable. Therefore,
simulations continued with mesh number 2.

Table 1: pid control coefficients for pitch and yaw at three input

angles
Mesh Number Number Number Inet
mass flow
number of cells of planes of nodes

(kgls)

1 1781841 4028367 663617 2605

2 3615478 7621433 844463 2401

3 5268700 12152883 2186882 2396

4 8354215 16853472 3186521 2394

5- Results

Figure 2 and Figure 3 show the velocity distribution
of the air flow entering the peak cooler, the velocity
distribution from the transverse plane above the
peak cooler.Conclusion

The results show that the flow around the peak
cooler causes the formation of vortices and a
separation zone behind the peak cooler body, which
reduces the tower mass flow rate.

Figure 4 shows the temperature contours in the two
cases with and without the peak cooler structure. As
shown, in the case where the peak cooler structure
exists, the temperature of the air entering the peak
cooler does not pass over the radiators, and the air
temperature in that area is lower.

.
Figure 2: Inlet flow velocity distribution into the peak cooler
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Figure 3: Flow velocity distribution in the cross-sectional plane
passing over the peak cooler
The results show that the flow around the peak
cooler causes the formation of vortices and a
separation zone behind the peak cooler body, which
reduces the tower mass flow rate.

Figure 4 shows the temperature contours in the two
cases with and without the peak cooler structure. As
shown, in the case where the peak cooler structure
exists, the temperature of the air entering the peak
cooler does not pass over the radiators, and the air
temperature in that area is lower.
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a) Temperature distribution with the presence of the peak
cooler structure
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b) Temperature distribution without the presence of the peak
cooler structure
Figure 4: Temperature distribution into the tower

6- Conclusion

In this study, the symmetric sector under study,
between 844 thousand nodes and 4 million nodes,

or in other words, the entire tower geometry
between 12 and 48 million nodes, has been meshed
with a hybrid tetrahedral and hexahedral mesh. The
peak cooler structure causes the formation of a
vortex flow behind the peak cooler and a pressure
drop behind it, reducing the tower air flow rate. The
results also show that the peak cooler structure, in
the fan-off state, reduces the tower air flow rate
from 2256 to about 2090 kg/s.
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