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Abstract 

 

This work presents a mechanical draft wet cooling tower with acrylic film type 

packing. The effect of the transversal area in the performance of the tower is shown, 

especially in the coefficient of the volumetric mass transfer 
yk a  as a function of the 

relation /L ym h a k a− = . Once the air is just about to be saturated with water at the 

outlet of the tower, the expression ( ) 1

b

b
y Lk a c h a −=  can be used to relate the 

volumetric mass transfer coefficient with the volumetric heat transfer coefficient, 

where c and b are parameters that depend on the geometry of the tower and type of 

packing. It was found that high transversal areas of the tower result in low 

volumetric mass transfer coefficient. In this case, the slope -m in the operating line 

can be taken infinite. A decrease in the area of (100/n) % causes an increase in the 

kya values of (100n) %.  
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1. Introduction 
 

Cooling towers are designed to obtain cooled water for oil refineries, chemical 

plants, electric power generation, and air conditioning systems. There are different  
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sizes of cooling towers depending on the amount of water handling. Small systems 

are used in small pipes in residences.  Big towers are used to handle hundreds of 

thousands of liters per minute in immense power plants. 

 

Different types of packing are placed inside cooling towers to increase the liquid - 

gas contact area [1-3]. This direct contact water-air makes the heat transfer highly 

efficient [4]. For different type and shape of packing tower, there is a different 

behavior inside a cooling column [1, 2]. It happens because for each variation of 

the geometrical configuration of the packing such as variation in the length, width, 

spacing, angle of inclination, and roughness of the packing surface, there is a 

different distribution of air and water within the tower producing at the same time 

a different water-air contact thus affecting the rate of water vaporization [1, 5, 6]. 

This behavior is directly related to the volumetric mass and heat transfer coefficient. 

For each packing used, it is necessary to run experiments to find the relation kya vs. 

hLa and thus be able to predict the behavior of the fluids inside the tower at different 

operating conditions [6]. 

The most critical parameters directly related with the tower packing are the 

volumetric mass transfer coefficient kya and the volumetric heat transfer coefficient 

hLa which most of the time are taken constant when operating the towers.  

In this work, it was studied the effect of the transversal area in the performance of 

a cooling tower, especially in the volumetric mass transfer coefficient 
yk a . The 

packing was dimensioned according to the design parameters found in the work of 

Mohiuddin AKM et al., 1996 [7].  It was observed an exponential expression 

between the volumetric mass transfer coefficient and the volumetric heat transfer 

coefficient that depend on the geometry of the tower and type of packing. 

 

2. Methodology 
 

The experiments were done in a cooling tower with the following dimensions 

shown in table 1.  

 

Table 1. Dimensions of the packed cooling tower 

 

Parameter  

Number of decks film type 3 

Vertical deck spacing splash type 0.35 m 

Total height of the tower 1.41 m 

Total packing height 1.15 m 

 

It was used acrylic as the material of the film type packing. It has a thermal 

conductivity of 0.20 W/m·K. The shape of this packing is shown in figure 1. 
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Figure 1. Shape of the Film type packing designed according to the parameters 

given by A. K. M. Mohiuddin and K. Kant, 1996. 

 

2.1 Equations 

The experiments were done with the following operating conditions. The Inlet and 

outlet water Temperature (TL1 and TL2) were 48oC and 41.6oC respectively. The 

wet and dry bulb temperature of the inlet air were 22.4oC and 26.2oC respectively. 

It was used the ratio L/G=1.7. The inlet enthalpy of the air, hy1, was 65.81 KJ/Kg. 

With the given inlet and outlet temperatures of the air, the relative humidity was 

72.3% and 98.0% respectively. As can be seen, the air leaves the tower almost 

saturated with water indicating that the tower has good heat and mass transfer. The 

efficiency of the column with these operating conditions was 25.0%. The enthalpy 

of the air at the top (hy2) was obtained using the Eq. 1, and the outlet dry bulb 

temperature of the air TG2 was obtained with the Mickley method. 

 

( ) ( )' ' ' '
LC T -T +G h = L C T -T +G hyL L LL0 S y1 1 L1 L0 S

             (1) 

 

L´ and GS are the mass flux of liquid and air respectively. The heat capacity of the 

water (CL) was constant in the range of working temperature with a value of 

4.184KJ/KgoC. The size of the tower, 1.41 m, was calculated with equation 5. 
 

( )( )
( )

'

1.41

h

yS

y yi y

dhG
Z HTU NTU m

k a h - h
= = =

y2

y1h

            (2) 

 

Where 

'

S

y

G
HTU

k a
= and 

( )

h

y

yi y

dh
NTU

h - h
= 

y2

y1h

 

 

Where yk a is the volumetric mass transfer coefficient of the system, o is the 

latent heat of the water, G Hh a is the volumetric heat transfer coefficient of the air, 

iH  is the air humidity at the interface. The subscript i refers to the interface liquid-

air. 
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To solve the integral of Eq.2, it is used the following relation 

yi yL

y i L

h hh a
m

k a T T

−
− = =

−
                (3)

  

where Lh a  is the volumetric heat transfer coefficient of the water. 

 

With the height of the tower and the experimental data, it is obtained the operating 

line. The outlet air temperature is obtained with the Mickley method. 

For this case, the air at the exit is practically saturated with water. For this condition 

Eq. 3 is satisfied for different values of kya that depends on the value 

/L ym h a k a− = . 

 

3. Results and Analysis 
 

Figure 2 shows the behavior of the operating line of the tower for a value of -m=3. 

However, if the value of -m is changed, the operating line remains constant, and the 

air outlet temperature does not have high variability because it is almost saturated 

with water as can be seen in the black line that is almost in contact with the 

saturation line.  
 

 

 

Figure 2. Behavior of the air and water temperature inside the cooling tower 

The area of the tower is an important parameter to consider when designing cooling 

towers because of its high effect in the contact interface air-water. The higher the 

area, the lower the height of the tower. It is necessary to work with a small height 

of the tower to avoid using high power pumps to send the water to the top of the 

tower. However, when the area increases the mass transfer tends to decrease as well 

as the heat transfer. It involves an equilibrium in the relation height-area. A previous 

study shows that there is a direct relation between the volumetric mass transfer 

coefficient 
yk a  and /L ym h a k a= − . This relation has the following expression: 

( ) 1

b

b
y Lk a c h a −=                  (4) 
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Where c and b are parameters that depend on the geometry of the tower and type of 

packing.  

Figure 3 shows the high effect of the cooling tower area in the volumetric mass 

transfer coefficient. This is a significant effect because figure 3 shows the relation 

between the volumetric mass transfer coefficient kya with the heat transfer 

coefficient hLa. In a cooling tower, this relation is obtained experimentally when 

the outlet temperature of the air is measured.  Then, with the use of equation 2 the 

relation kya vs. -m is obtained as shown in figure 3. It can be used only when the 

outlet air leaves the tower almost in saturation as shown in figure 2. 

 

 

 
 

 

Figure 3. Effect of the cooling tower area in the volumetric mass transfer 

coefficient 

 

As shown in figure 3 the higher the area, the lower the volumetric mass transfer 

coefficient. It means that the slope -m can be taken infinite for high areas of the 

cooling tower to solve the integral of equation 2. When the axial area of the tower 

increases, the air and the water have more free space to be distributed causing a 

decrease in the contact interface decreasing the amount of water evaporated as well. 

It results in lower values of kya as shown in figure 3. The three curves in figure 3 

have two zones. One zone is located in the range of -m from 3 to 16, and the other 

zone is located for values of -m higher than 16. In the last zone /L ym h a k a− =  can 

be assumed infinite. It indicates that the coefficient of heat transfer is higher than 

the mass transfer coefficient. It means that resistance to the heat flux is dominated 

by the gas phase. In the first zone, this consideration of infinite -m cannot be taken, 

and its values have to be found. Low values of -m indicate that the resistance to the 

heat flux is no longer dominated by the gas phase and this effect is higher when the 

transversal area of the tower decreases.  
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Figure 4. Effect of the cooling tower area in the volumetric mass transfer 

coefficient 

 

The effect of the area at low values of -m can be seen better in figure 4. The three 

plots have the same pattern, but they have different scales. A decrease in the area 

of 25% causes an increase in kya values of 400%. It means that a decrease in the 

area of (100/n) % causes an increase in the kya values of (100n) %. It indicates that 

towers with low transversal areas have a better performing. However, there are 

other parameters to take in consideration because of flooding, the amount of water 

to be cooled, the pressure drop in the tower among others. 

 

4. Conclusions 
 

In this work, it was studied the effect of the area in a mechanical draft wet cooling 

tower, especially in the volumetric mass transfer coefficient 
yk a  as a function of 

the relation /L ym h a k a− =  in a cooling tower with acrylic film type packing. 

When the air is practically saturated with water at the outlet of the tower, it can be 

used the expression ( ) 1

b

b
y Lk a c h a −=  that relates the volumetric mass transfer 

coefficient with the volumetric heat transfer coefficient, where c and b are 

parameters that depend on the geometry of the tower and type of packing.  

The higher the transversal area of the tower, the lower the volumetric mass transfer 

coefficient. The air and the water have more free space to be distributed causing a 

decrease in the contact interface decreasing the amount of water evaporated as well.  
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In this case, the slope -m can be taken infinite. A decrease in the area of (100/n) % 

causes an increase in the kya values of (100n) %. It indicates that towers with low 

transversal areas have a better performing because of the high contact air-water. 
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