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Cooling Towers
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Abstract – Assuring the necessary temperature and
mass flow rate of the cooling water to the condenser
represents an essential condition for the efficient
operation of a steam power plant. The paper presents
equations which describe the physical phenomena and
the mathematical model for the design of counter-flow
natural draft wet cooling towers. Following is given the
flow-chart of the associated computer program. A case
study is made to show the results of the computer
program and emphasize the interdependence between
the main design parameters.
Keywords – cooling tower, mathematical model,
computer program, steam power plant.

-

The decrease of the condensation temperature at
the cold source (condenser) with only one degree
Kelvin can have the same effect on the efficiency of
the TPP cycle as the increase of the main steam
temperature with 10 – 15 K [8]. Considering the
strong influence of the cold source, it is important to
maintain the condensing temperature as low as
possible. This low temperature can be achieved by:
-

1. Introduction

-

There are several methods to increase the
efficiency of Thermal Power Plants (TPP) with steam
cycle [1, 2]:

-

-

the increase of the parameters at the hot source
(pressure, temperature) [3];
the decrease of the parameters at the cold
source (the condensation temperature of the
steam at the outlet of the turbine) [4];
the preheating of feed water to the steam
generator [5];
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steam reheating [6];
cogeneration [7].

decreasing the cooling water temperature at the
condenser;
increasing the mass flow rate of the cooling
water at the condenser;
increasing the heat exchange of the condenser.

Considering the first parameter, respectively the
cooling water temperature at the condenser depends
on the cooling system which is used.
According to the site’s resources and weather
conditions, the water cooling may be obtained within
the cooling system in a [9, 10]:
-

open circuit, if the cool water of a river is used;
closed circuit, if a cooling tower is used, or
mixed circuit, if cold water is coming both
from a cooling tower and a river.

As the cool water from a river is seldom available
in vicinity of the future power plant, the paper
considers the more versatile solution given by the
closed system, i.e. the cooling tower.
In a closed cooling circuit (Figure 1.), the hot
water coming from several surface heat exchangers
(out of which the condenser is the most important) is
cooled into the cooling tower and then send back to
the heat exchangers by pumps [1].
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2. Mathematical model of the cooling tower
Cooled water
from heat exchangers

Cooling
tower

Hot cooling water
Condenser

Cold water basin
Cooled water
to heat exchangers

Make-up
water

Figure 1. Closed cooling circuit

The most used type of cooling towers for thermal
power plants are the counter-flow natural draft wet
cooling towers [1].
A make-up water source is also used to
compensate for the cooling water which is lost
through evaporation, mainly within the cooling tower
[9].
The paper considers the common design for the
cold source of the thermal power plant: the water
cooling is made within a closed circuit by using a
natural draft wet cooling tower. Based on the
dimensioning methodology of the natural draft wet
cooling tower given in [11], the main original
elements of the paper are:
-

the mathematical model which describes the
physical phenomena and of the cooling tower;
the flow-chart for the computer program;
the highlight of the interdependence between
the main design parameters.

The results of the paper are useful in several fields,
as:
-

-

in computing the design parameters of the
cooling tower, necessary to ensure the
performances of the TPP at the cold source;
in developing of software applications, based
on the given flowchart;
for the general contractor of a new power
plant, in the design phase;
for students and engineers, to put into evidence
the interdependence between the main design
parameters (by using the graphical results of
the model);
in education, within interdisciplinary projects
including physical phenomena in power plants,
mathematical modeling, and computer science.
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Natural draft wet cooling towers are heat
exchangers within which the two fluids (water and
air) have a direct contact. As a result, heat and mass
transfer occur [9]. The temperature of the water is
decreased primarily by evaporation, but also by
convection [12]. During evaporation, the temperature
of the water drops is reduced as result of consuming
the vaporization latent heat. During convection, the
temperature of the water is lowered as a result of the
gap between the temperature of water and air.
Besides complying to the technological
requirements, the sizing of the tower must ensure
financial requirements (low construction, operation
and maintenance expenses). As the construction of a
cooling tower implies a significant investment, its
design is a very important task [13].
Sizing of the counter-flow natural draft wet
cooling tower implies the estimation of the main
geometrical dimensions and characteristics of the
cooling tower, for some given weather conditions
and cooling water parameters.
The physical parameters of the fluids that pass
through the cooling tower are:
•

For water (w):

𝑡𝑤1 , 𝑡𝑤2 – the input/ output water temperature, in ºC;
𝑐𝑝 – specific isobaric heat capacity, in KJ/kg/ºC;
𝐹𝑤1 , 𝐹𝑤2 – the input/ output water flow rate, in kg/s;
𝐹𝑒𝑣 – the water flow rate lost through evaporation, in
kg/s;
𝑝𝑠1 , 𝑝𝑠2 – the saturation pressure of water vapors at
the input/ output water temperature, in bar;
𝑝𝑠𝑚 – the mean saturation pressure of water vapors at
the mean water temperature, in bar;
𝑎𝑝𝑝 – the approach, in ºC.
•

For air (a):

𝑡𝑎1 , 𝑡𝑎2 – the input/ output air temperature, in ºC;
𝑡𝑤𝑏 – the ambient wet-bulb temperature, in ºC;
ℎ𝑎1 , ℎ𝑎2 – the input/ output air specific enthalpy, in
kJ/kg;
𝑝𝑣𝑎1 , 𝑝𝑣𝑎2 – the input/ output pressure of water
vapors, in bar;
𝑝𝑎1 , 𝑝𝑎2 – the input/ output air pressure, in bar;
3
𝜌𝑎1 , 𝜌𝑎2 – the input/ output air density, in kg/ m ;
3
𝜌𝑎𝑚 – the mean air density, in kg/ m ;
𝜑𝑎1 , 𝜑𝑎2 – the input/ output air relative air humidity,
in percentage;
𝐹𝑎 – the dry air flow rate through the tower, in kg/s;
𝐹𝑚𝑎 – the moist air flow rate through the tower, in
kg/s;
𝐹𝑎𝑚 – the mean flow rate of air through the cooling
section, in kg/s;
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𝑤𝑎1 – the inlet air velocity in the cooling tower, in
m2/s;
𝑤𝑎𝑚 – the mean air velocity in the cooling section, in
m2/s.
•

For air at saturation (sa):

Hc

𝑝𝑠𝑎1 , 𝑝𝑠𝑎2 – the input/ output pressure of saturated
air, in bar;
𝑝𝑠1 , 𝑝𝑠2 – the input/ output air pressure, in bar;
𝑥𝑠𝑎1 , 𝑥𝑠𝑎2 – the specific humidity at saturation for
the input/ output water temperature, in kg of water
vapors/ kg of moist air;
ℎ𝑠𝑎1 , ℎ𝑠𝑎2 – the air enthalpy at saturation of the
input/ output water temperature, in kJ/kg;
|ℎ𝑠𝑎 − ℎ𝑎 |𝑚 = the absolute mean between the
enthalpy of saturated and environmental air, in kJ/kg.
•

Hf
Ha
DCT

Other geometrical and structural characteristics
of the cooling tower:

𝐻𝐶𝑇 , 𝐷𝐶𝑇 – the height/ diameter of the cooling tower,
in meters;
𝐻𝑐 – the height of the natural draft zone, in meters;
𝐻𝑓 – the height of the fill, in meters;
𝐻𝑎 – the height of the air inlet window, in meters;
𝑉- the cooling volume of the packing zone, in m3;
𝑆𝑏 – the base area of the cooling tower, in m2;
𝛽𝑥𝑣 – the substance yielding coefficient, in kg/m3/h;
𝑞 – the spraying density, in m3/m2/h;
𝜉 – the total aerodynamic resistance coefficient of the
tower, dimensionless;
𝑘𝜉 – the coefficient depending on the packing type;
𝑘𝜆 – coefficient to consider the quota of the cooling
water which is evaporated, dimensionless;
𝑘𝑤 – multiplication coefficient of the inlet air
velocity (𝑘𝑤 = 3 … 4), dimensionless.

The total height of the cooling tower (Figure 2.)
results from:
𝐻𝐶𝑇 = 𝐻𝑐 + 𝐻𝑓 + 𝐻𝑎
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(1)

Figure 2. Main dimensions for the preliminary design
of a Counter-flow Natural Draft Wet Cooling Tower

The overall energy balance for the cooling tower is
given by the equation [9]:
𝐹𝑎 ∙ (ℎ𝑎2 − ℎ𝑎1 ) = 𝐹𝑤1 ∙ (𝑡𝑤1 − 𝑡𝑤2 ) ∙ 𝑐𝑝 + ∆𝑄 (2)

where ∆𝑄 is the loss of heat through evaporation.
The mass balance equation is:
𝐹𝑤1 = 𝐹𝑤2 + 𝐹𝑒𝑣

(3)

The lowest temperature to which water could be
cooled theoretically in a cooling tower is the wet
bulb temperature corresponding to the surrounding
air conditions (temperature, pressure, humidity).
Practically, this temperature can never be achieved
out of constructive reasons. However, the wet bulb
temperature is used to estimate the operation of the
cooling tower.
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The performance indicator used is the approach, as
the gap between the outlet cooled water temperature
and the ambient wet bulb temperature [14]:
(4)

𝑎𝑝𝑝 = 𝑡𝑤2 − 𝑡𝑤𝑏

During operation, due to the different weather
conditions, the approach may have different values.
A lower design value for the approach means higher
performance but a larger and a costlier tower.
The design model for the sizing of the cooling
tower presented below is a mixture of physical [9,
14, 15] and empirical relations [16, 17].

-

the performance of the cooling tower (the
approach, depending on the chosen design air
parameters) represents an indirect design
requirement for the model [14].

The dimensioning model of the cooling tower
follows the flow-chart given in Figure 4. The model
is based on a modular approach, to concentrate the
parameters with a high interdependency.

To determine the heat exchange, the model
considers the following assumptions:
-

there is used the Merkel method [15];
the cooling tower is divided into 3 zones (rain,
packing, and the natural draft one) [14], figure
2.;
for each zone, the heat exchange between air
and water is computed by considering the
mean values of the parameters [9];
at the outlet of the cooling tower, the air is
saturated with water vapours ( 𝜑𝑎2 = 100% )
[9];
the water drops are modelled as being
surrounded by a film of air which is saturated
with water vapours [15] (Figure 3.);
the type of the filling is chosen by the
designer; consequently, the substance yielding
coefficient (𝛽𝑥𝑣 ) is a known, input data;
the air resistance coefficient (𝜉) is determined
by an experimental relation [16, 17] depending
on the fill, the spraying density and the mean
air velocity in the cooling section. The relation
is adjusted through the 𝑘𝜉 coefficient, to
consider different packing types;

Air film saturated with
water around the drop

Figure 4. The flow-chart for the dimensioning of the
cooling tower.

Starting from a low spraying density, q, its value is
increased until the design condition regarding the
overall shape of the cooling tower is met. This
condition requires the tower to have an imposed H/D
ratio:

Water
drop

𝐻/𝐷 𝑟𝑎𝑡𝑖𝑜 = 𝐻𝐶𝑇 ⁄𝐷𝐶𝑇

Upward air
stream

Upward air
stream

(5)

Therefore, iterations are taken for increasing
values of the spraying density of the cooling tower
until the above condition is met.

Figure 3. Heat exchange between air and cooling water
TEM Journal – Volume 6 / Number 3 / 2017.
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The dimensioning mathematical model considered
6 distinct modules for:
-

the input data (Figure 5.),
the inlet air parameters (Figure 6.),
the outlet air parameters (Figure 7.),
the sizing of cooling tower - diameter (Fig. 8.),
the sizing of cooling tower - heights (Fig. 9.),
the cooling performance assessment (Fig. 10.),
the output data (Figure 11.).

Input data:
Water:
- Input: 𝑡𝑤1 , 𝐹𝑤1
- Output: 𝑡𝑤2

Air:
- Input: 𝑡𝑎1 , 𝑝𝑎1 , 𝜑𝑎1

Tower’s Structure: 𝛽𝑥𝑣 , q

Structural Coefficients: 𝑘𝑤 , 𝑘𝜉

Figure 5. Input data module

Inlet air parameters:
𝑝𝑠𝑎1 = 𝑓(𝑡𝑎1 )

𝑝𝑣𝑎1 = 𝜑𝑎1 ∙ 𝑝𝑠𝑎1
𝑥𝑎1 = 0,622 ∙

𝑝𝑣𝑎1
𝑝𝑎1 − 𝑝𝑣𝑎1

ℎ𝑎1 = 1,006 ∙ 𝑡𝑎1 + 𝑥𝑎1 ∙ (2510 + 1,88 ∙ 𝑡𝑎1 )
750 ∙ 𝑝𝑎1
−
273,16 + 𝑡𝑎1
750 ∙ 𝑝𝑣𝑎1
−0,176 ∙
273,16 + 𝑡𝑎1

𝜌𝑎1 = 0,465 ∙
𝑝𝑠2 = 𝑓(𝑡𝑤2 )

𝑥𝑠𝑎1 = 0,622 ∙

𝑝𝑠2
𝑝𝑎1 − 𝑝𝑠2

ℎ𝑠𝑎1 = 1,006 ∙ 𝑡𝑤2 + 𝑥𝑠𝑎1 ∙ (2510 + 1,88 ∙ 𝑡𝑤2 )

𝑡𝑤𝑏 = 𝑓(𝑡𝑎1 , 𝜑𝑎1 )

Figure 6. Inlet air parameters module
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Outlet air parameters:
𝑝𝑎2 ≅ 𝑝𝑎1
𝜑𝑎2 = 1

𝑝𝑠𝑎2 = 𝑓(𝑡𝑎2 )

𝑝𝑣𝑎2 = 𝜑𝑎2 ∙ 𝑝𝑠𝑎2
𝑥𝑎2 = 0,622 ∙
𝑝𝑠1 = 𝑓(𝑡𝑤1 )

𝑝𝑣𝑎2
𝑝𝑎2 − 𝑝𝑣𝑎2

𝑡𝑤1 + 𝑡𝑤2
𝑝𝑠𝑚 = 𝑓 �
�
2

∆𝑝𝑠 = 0,25 ∙ (𝑝𝑠1 + 𝑝𝑠2 − 2 ∙ 𝑝𝑠𝑚 )

𝑡𝑎2 = 𝑡𝑎1 + 1,38 ∙ (𝑥𝑎2 − 𝑥𝑎1 ) ∙
(𝑡𝑤1 + 𝑡𝑤2 ) − (𝑡𝑎1 + 𝑡𝑎2 )
∙
(𝑝𝑠1 + 𝑝𝑠2 ) − 2 ∙ ∆𝑝𝑠 − (𝑝𝑣1 + 𝑝𝑣2 )

ℎ𝑎2 = 1,006 ∙ 𝑡𝑎2 + 𝑥𝑎2 ∙ (2510 + 1,88 ∙ 𝑡𝑎2 )
750 ∙ 𝑝𝑎2
−
273,16 + 𝑡𝑎2
750 ∙ 𝑝𝑣𝑎2
−0,176 ∙
273,16 + 𝑡𝑎2

𝜌𝑎2 = 0,465 ∙

𝑥𝑠𝑎2 = 0,622 ∙

𝑝𝑠1
𝑝𝑎2 − 𝑝𝑠1

ℎ𝑠𝑎2 = 1,006 ∙ 𝑡𝑤1 + 𝑥𝑠𝑎2 ∙ (2510 + 1,88 ∙ 𝑡𝑤1 )
Figure 7. Outlet air parameters module

Sizing of cooling tower (diameter):
5 - The diameter of the cooling tower:
𝑆𝑏 = 3,6 ∙

𝐹𝑤1
𝑞

4 ∙ 𝑆𝑏
𝐷𝐶𝑇 = �
𝜋

Figure 8. Sizing of diameter module
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Sizing of cooling tower (heights):

Cooling performance assessment:

1 - The height of the packing zone (fill zone):

𝑎𝑝𝑝 = 𝑡𝑤2 − 𝑡𝑤𝑏

|ℎ𝑠𝑎 − ℎ𝑎 |𝑚 =
𝑉 = 3600 ∙
𝑉
𝐻𝑓 =
𝑆𝑏

ℎ𝑠𝑎1 + ℎ𝑠𝑎2 ℎ𝑎1 + ℎ𝑎2
−
2
2

𝐹𝑤1 ∙ 𝑐𝑝 ∙ (𝑡𝑤1 − 𝑡𝑤2 )
𝛽𝑥𝑣 ∙ |ℎ𝑠𝑎 − ℎ𝑎 |𝑚

2 - The height of the air inlet window (rain zone):
𝑘𝜆 = 1 − 𝑐𝑝 ∙ 𝑡𝑎2 ∙

𝑥𝑎2 − 𝑥𝑎1
ℎ𝑎2 − ℎ𝑎1

𝑐𝑝 ∙ (𝑡𝑤1 − 𝑡𝑤2 )
𝜆=
𝑘𝜆 ∙ (ℎ𝑎2 − ℎ𝑎1 )
𝐹𝑎 = 𝜆 ∙ 𝐹𝑤1

𝐹𝑚𝑎 = 𝐹𝑎 ∙ �1 +
𝑤𝑎𝑚

𝑥𝑎1 + 𝑥𝑎2
�
2

2 ∙ 𝐹𝑚𝑎
=
(𝜌𝑎1 + 𝜌𝑎2 ) ∙ 𝑆𝑏

𝑤𝑎1 = 𝑘𝑤 ∙ 𝑤𝑎𝑚
𝐻𝑎 = 0,5 ∙ 𝐹𝑤1 ∙

𝜆
𝑤𝑎𝑚 ∙ (𝜌𝑎1 + 𝜌𝑎2 )
∙�
2 ∙ 𝜋 ∙ 𝐹𝑚𝑎
𝑤𝑎1 ∙ 𝜌𝑎1

Figure 10. Cooling performance assessment module

Output data:
Air:
- Input: 𝑡𝑣𝑎1 , 𝑡𝑠𝑎1 , 𝑥𝑎1 , ℎ𝑎1 , 𝜌𝑎1 , 𝑝𝑠2 ,
𝑥𝑠𝑎1 , ℎ𝑠𝑎1 , 𝑡𝑤𝑏
- Output: 𝑡𝑎2 , 𝑝𝑎2 , 𝜑𝑎2 , 𝑡𝑣𝑎2 , 𝑡𝑠𝑎2 , 𝑥𝑎2 ,
ℎ𝑎2 , 𝜌𝑎2 , 𝑝𝑠1 , 𝑥𝑠𝑎2 , ℎ𝑠𝑎2
- Mean values: 𝐹𝑎 , 𝐹𝑚𝑎 , 𝑤𝑎𝑚
Tower’s preliminary sizing:
𝐻𝐶𝑇 , 𝐻𝑐 , 𝐻𝑓 , 𝐻𝑎 , 𝐷𝐶𝑇 , 𝑉, 𝑆𝑏
Structural data: 𝜉 , 𝑞

Tower’s performance: 𝑎𝑝𝑝

Figure 11. Output data module

3. The flow-chart of the computer program
Based on the model of the natural draft cooling
tower, a computer program was developed by using
MATLAB® [18]. Figure 12. shows the flow-chart for
the sizing of the cooling tower.

3 - The height of the chimney in the natural draft
zone:
7,782
1,287
+
+
𝑘𝜉
𝑘𝜉 ∙ 𝑤𝑎𝑚
4,182
𝑞 0,9 103,56
+
∙�
� ∙�
+ 108 ∙ 𝑤𝑎𝑚 0,8 �
𝑘𝜉
3600
𝑤𝑎𝑚 0,6

𝜉=

2
𝑤𝑎𝑚
𝜌𝑎1 + 𝜌𝑎2
𝐻𝑐 = 0,5 ∙ �𝜉 ∙
∙
+ 𝐻𝑓 � + 𝐻𝑎
2 ∙ 9,81 𝜌𝑎1 − 𝜌𝑎2

4 - The total height of the cooling tower
𝐻𝐶𝑇 = 𝐻𝑐 + 𝐻𝑓 + 𝐻𝑎

Figure 9. Sizing of heights module
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Figure 12. Flow-chart of the computer program
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1.3
1.2
1.1
1
HCT/DCT ratio

Because of the strong interdependency between the
parameters, two cycles of iterations are made inside
the program.
The first cycle of iterations (Figure 12.) is made to
compute the outlet air temperature and the other air
parameters. Based on a first estimation of the outlet
air temperature, its value is recalculated along with
the other parameters until an imposed error condition
is met.
The second cycle of iterations (Figure 12.) aims to
meet the design condition regarding the overall shape
of the cooling tower. It starts from a minimum value
of the spraying density, which is increased slowly
until the design condition from Eq. (5) is met.
For the calculation of the calculation of the
thermodynamic properties of moist air (𝑝𝑠𝑎1 , 𝑝𝑠𝑎2 ,
𝑝𝑠1 , 𝑝𝑠2 , 𝑝𝑠𝑚 , 𝑡𝑤𝑏 ), the available functions from the
literature were used [19, 20, 21].
Similar to the mathematical model, the computer
program is based on a modular approach (Figures 5.
to 11.).

0.9
0.8
0.7
0.6
0.5
0.4
3

-

the air temperature of 19 ºC;
the air pressure of 1.0131 bar;
the air humidity of 65%.

The substance yielding coefficient of the filling is
𝛽𝑥𝑣 = 3600 kg/m3/h, and the imposed H/D ratio is
considered 1.2.
Figure 13. shows how the second cycle of
iterations (Figure 12.) meets the imposed H/D ratio.
It can be observed that, for the considered case study,
the spraying density for which the H/D ratio is
reached is by 5.1 m3/m2/h.
Figures 14. and 15. show how the main dimensions
of the tower change with the spraying density during
the second cycle of iterations.
While the spraying density is increasing, the
cooling tower gets higher and slimmer (with a lower
diameter).
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Length [m]

70

The surrounding weather conditions for the
location which were considered during the design
are:

5.5

HCT - height of the cooling tower [m]
DCT - diameter of the cooling tower [m]

As an example, we considered a TPP which has
the following cooling water requirements:

-

5

90

80

the cooling water flow rate of 15 600 t/h;
the temperature of the hot cooling water to the
tower of 30 ºC;
the temperature of the cooled water from the
tower of 20 ºC.

4
4.5
Spraying density, q [m3/m2/h]

Figure 13. The variation of the 𝐻𝐶𝑇 ⁄𝐷𝐶𝑇 ratio with the
spraying density

4. Case study and computation example

-

3.5

60

50

40

30

3

3.5

4.5
4
Spraying density, q [m3/m2/h]

5

5.5

Figure 14. The variation of the cooling tower’s dimensions
with the spraying density

The increase of the total height of the tower is
mainly due to the increase of the height of the natural
draft zone of the tower (Figure 15.). The heights of
the filling and of the inlet window have a relative
smaller variation of values, in opposite directions:
-

the height of the filling is slightly decreasing
with the increase of spraying density,
the height of the inlet window is increasing
with the increase of spraying density.
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Table 2. Design parameters of a Counter-flow Natural
Draft Wet Cooling Tower

70
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Parameter
𝐻𝐶𝑇
𝐷𝐶𝑇
𝐻𝑎
𝐻𝑓
𝐻𝑐
𝑉
𝑆𝑏
𝜉
𝛽𝑥𝑣
𝑞
𝑎𝑝𝑝

Heigth [m]

50
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Ha - height of the air inlet window [m]
Hf - height of the filling [m]
Hc - height of the natural draft zone [m]
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0

3

3.5

4.5
4
Spraying density, q [m3/m2/h]
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5

Figure 15. The variation of the main cooling tower’s
heights with the spraying density

Table 1. centralizes the air and water input and
output parameters from the computer program and
Table 2. shows the computed design parameters.
Table 1. Air and water input/output parameters of a
Counter-flow Natural Draft Wet Cooling Tower
Parameter
𝑡𝑎𝑖
𝑝𝑎𝑖
𝜑𝑎𝑖
𝑥𝑎𝑖

Air

Cooling
water

ℎ𝑎𝑖
𝜌𝑎𝑖
𝑝𝑣𝑎𝑖
ℎ𝑠𝑖
𝑝𝑠𝑎𝑖
𝑥𝑠𝑎𝑖

ℎ𝑠𝑎𝑖
𝑤𝑎𝑖
𝑤𝑎𝑚
𝐹𝑎
𝐹𝑚𝑎
t wb
𝑡𝑤𝑖
𝐹𝑤

Unit
ºC
bar
%
kg vapors /
kg air
kJ/kg
kg/m3
bar
kJ/kg
bar
kg vapors /
kg air
kJ/kg
m/s
m/s
kg/s
kg/s
ºC
ºC
kg/s

Input
𝑖=1
19
1.031
65
0.0089

Output
𝑖=2
23.58
1.031
100
0.0183

41.68
1.20
0.0142
99.75
0.0219
0.0146

70.57
1.17
0.029
57.44
0.029
0.0271

99.75
7.3112
1.8278
6489.3
6577.6
12.23
30
3888.9

57.44
20
-
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Unit
m
m
m
m
m
m3
m2
kg/m3/h
m3/m2/h
K

Value
74.7
62.04
3.78
2.67
68.247
8074
3023.3
7.837
3600
5.1
7.77

5. Conclusions
A mathematical model and a flow-chart for the
computer program for the counter-flow natural draft
wet cooling towers of steam power plants are made
available. The mathematical model uses a modular
approach, based on the type of computed parameters
(air, water, geometrical dimensions) and on their
degree of interdependency.
Due to the high interdependency, the program
performs two cycles of iterations to compute the
values of the unknown parameters.
A case study was taken to show the influences of
the spraying density on the design parameters. The
increase of the spraying density leads to:
-

-

the increase of the height of the tower. The
growth is owed especially to the necessity of a
higher natural draft zone. The change of the
height of the other zones is not significant, as
the variation of the values is small and in
opposite directions (the height of the filling
zone increases, while the height of the inlet air
window corresponding to the rain zone
decreases).
the decrease of the diameter of the tower,
the increase of the height/diameter ratio,
emphasizing that the growth of the height is
greater than the lowering of the diameter.

The results of the paper are useful in several
fields, such as: the design of cooling towers, the
development of software applications for power
plants, for students and engineers. Also, it is very
useful in design management, for the general
contractor of a new power plant, during the design
phase.
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