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1. Introduction

Thermal power plants are one of the most
important industrial sectors for electricity
generation in many countries. Therefore, it is
necessary to study and analyze components of the
power plant to predict their performances at
operational conditions. Several factors cause the
power output of a steam turbine to be less than
expected. One of these factors is that the power
plant's cooling water does not cool well when
passing through the cooling tower. One of the most
widely used power plant cooling towers is the
natural draft dry cooling tower (NDDCT). In this
type of cooling tower, the need for make-up water
is small and therefore, it is appropriate for areas
with lack of water such as arid and semi-arid
regions. Natural draft dry cooling towers would be
affected by environmental conditions more than
other types of cooling towers. Engineers are always
looking for a quick and optimal method to calculate
the NDDCTs’ performance in different
environmental conditions. This method should
give an initial estimate of the NDDCTS'
performance without any special software or heavy
computational runs. Obtaining simple algebraic
models for such a purpose is beneficial. Theoretical
studies and models derived from this type of
studies can mainly be helpful in achieving such
general mathematical relations. In this study, a
single NDDCT of Fars Combined Cycle Power
Plant was wused and a simple algebraic
mathematical model was obtained by applying a
recently presented theoretical method. This model
calculates the performance of the mentioned
cooling tower under different environmental
conditions  (wind  velocity and ambient
temperature). The performance of the single
NDDCT and the three aligned NDDCTs of Fars
Combined Cycle Power Plant were analyzed under
different environmental conditions by using the
proposed model.

2. Measurements and Analysis

The studied cooling towers are three aligned
Heller-type NDDCT located in the Fars Combined
Cycle Power Plant. For creation and validation of
the mathematical model, the following data were

collected every 15 minutes during a day for each
NDDCT and were averaged over every hour: mass
flow rate of water, inlet, and outlet water
temperature, ambient temperature, wind velocity,
and direction. The amount of heat released from the
water in the tower (Q) is obtained from the
conservation of energy equations. The &-NTU
method is used for analyzing the thermal
performance of radiators around each cooling
tower. ¢ is the effectiveness of heat exchanger and
NTU is the number of transfer units.

3. Results and Discussion

Mathematical modeling of the single NDDCT.
Previous studies have shown that at low wind
velocities, the performance of three aligned
NDDCT is almost the same as a single NDDCT
exposed to wind. Therefore, at a proper ambient
condition, the data of NDDCT in the attack line of
wind were measured and was set as a reference
condition to create the mathematical model.
Reference condition is the actual performance data
of a cooling tower, measured under a controlled
data of environmental conditions (ambient
temperature and wind velocity). Equation 1 is the
mathematical relation created to calculate the
performance of NDDCT under any desired
condition. This model is only applicable for wind
velocities less than critical velocity, which is
usually large and uncommon in operational
conditions.

Q = M;M;M; Qref (1)

Q and Qs are the amount of heat transferred
in the NDDCT at the desired and reference
condition, respectively. The values of M, Mz and
Ms coefficients depended on the values of wind
velocity and initial temperature difference (ITD) of
NDDCT at the reference and desired conditions.

Effect of environmental parameters on the
performance of the single NDDCT. The effect of
ambient temperature and wind velocity on the
performance of a single NDDCT is investigated by
using the created mathematical model. Figure 1
shows the effect of wind velocity on heat transfer
rate in the NDDCT for different ambient
temperatures. It is assumed that the flow rate and
temperature of the water entering the tower are the
same as the reference condition. As shown, when
the wind velocity increases, the rate of heat transfer
in the tower as well as its thermal efficiency
decrease. Moreover, it is shown that in high
ambient temperatures, as the wind velocity
increases, the rate of heat transfer in the cooling
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tower decreases with a lower slope. Figure 2 shows
the effect of ambient temperature on the cooling
tower's heat transfer rate. As shown, the NDDCT's
heat transfer rate decrease linearly as the ambient
temperature increases and assuming that the other
parameters remain constant. Moreover, it is shown
that, as wind velocity increases, the slope of the
curve of heat transfer rate decreases in the same
range of ambient temperatures. Thus, ambient
temperature plays an important role in the cooling
tower's performance at low wind velocities.
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heat transfer in the NDDCT for different wind velocities

Effect of environmental parameters on the
performance of the three aligned NDDCTs

With the new theoretical method, the performance
of three aligned cooling towers is investigated in
the two conditions of wind direction, perpendicular
to the towers and in line with the towers'
direction.When the wind direction is perpendicular
to the cooling towers, each tower is exposed
directly to the wind and when the wind is not strong
enough, the exiting air plume of each tower has no
impact on the other two towers. Therefore, the
method can be applied to each tower by
considering low wind velocities. Moreover,
because the inlet water conditions and ambient
temperature are different for each tower, it is wrong
to compare their performances. For solving this
problem, a specific condition is assumed for each
cooling tower and by using the new method, the
performance of the three NDDCT is compared
under the same condition. It is shown that as wind
velocity increases, the performance of the middle
NDDCT gets worse than the two side NDDCTs. At
this condition of wind direction, the efficiency of

each tower is lower than the single tower in the
same condition. When the wind direction is in line
with the direction of towers, one of the towers gets
directly in the wind attack and others get in the
back of this tower. Therefore, the new method
cannot be applied to the three NDDCTs. In order to
compare the towers' performance in this condition,
the data of the tower in the wind attack line is set
as the reference condition for the other two towers.
Since all three towers have the same structure, this
assumption is appropriate. It is shown that the
performance of the tower in the wind attack line
will reduce compared to a single tower exposed to
wind due to the suction of the rear tower and its
effect on the front tower. Moreover, it is shown that
when the wind is in line with the direction of
towers, the efficiency of the rear towers will
increase from the tower in the wind attack line. The
reason is that the tower in the wind attack line acts
as a shield against the wind for the rear towers and
as a result, the vertical component of the exiting air
plume velocity vector of these towers increases.
This velocity component indicates the volume rate
of air entering the tower; therefore, air suction of
the rear towers increases and makes the heat
transfer rate increase.

4. Conclusion

In this study, a simple mathematical model was
created to predict the performance of the Heller-
type natural draft dry cooling tower (NDDCT)
located in the Fars Combined Cycle Power Plant.
The thermal behavior of a single cooling tower in
different environmental conditions was analyzed
by using this model. It was obtained that as the
ambient temperature increases, the increase in
wind speed causes the heat transfer rate in the
cooling tower to decrease with a lower slope.
Moreover, it was shown that at low wind velocities,
ambient temperature plays an important role in the
performance of NDDCT. Using the new theoretical
method, along with the measured data, for
calculating the performance of three aligned
cooling towers in the Fars Combined Cycle Power
Plant, the following results were obtained:1. When
the wind direction is perpendicular to the
NDDCTs, the performance of a single tower will
be better than all the three aligned cooling towers'
performance. Also, it was shown that as wind
velocity increases, the performance of the middle
NDDCT gets worse than the two side NDDCTSs. 2.
When the wind direction is in line with the
direction of towers, the cooling tower in the wind
attack line reduces the effect of wind on the exiting
air plume of the rear towers and, therefore,
increases the efficiency of the rear towers than
itself. Moreover, it was shown that the performance
of the cooling tower in the wind attack line would
reduce compared to a single tower exposed to
wind.
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