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Abstract— Cooling tower is a type of direct contact heat exchanger, inside of which heat is withdrawn from the water by 
contact between the water and the air. The heat transfer occurs through the heat exchange between air and water and through 
the evaporation of a small part of the water that needs to be cooled. This will allow to cool down to a temperature lower than 
the ambient temperature. The phenomenon of heat and mass transfer in cooling tower is of complex one due to the direct 
contact between air and the water droplets from the spray nozzles which may not be uniform. In the present study a 
prototype was designed and fabricated by incorporating six calibrated Platinum Resistance Thermometers for temperature 
measurements of liquid and air with one located just below the fluidised bed itself while another was positioned below the 
plenum chamber to measure outlet water temperature. The inlet hot water temperatures are carried out for 50°C, 55°C and 
60°C while the inlet air wet-bulb temperature averaged about 22°C spherical packing arrangements were studied at static bed 
height of 300mm which will be varying up to 500mm due to fluidization. experimental conduct provides the improvement in 
the performance of the cooling tower with the fluidized bed packing at high liquid to water flow rates and it is found that the 
performance of the cooling tower performs better with the increase in number of diffusion units with the increase in L/G 
ratio and also with better range and approach the thermal characteristics are more with the fluidized bed cooling towers. 

 
Keywords— Number of diffusion units, L/G ratio, WBT, condenser temperature, Bubbling Fluidization. 

 
I. INTRODUCTION 

 
A cooling tower is a heat rejection device, which 
extracts waste heat to the atmosphere though the 
cooling of a water stream to a lower temperature. The 
type of heat rejection in a cooling tower is termed 
"evaporative" in that it allows a small portion of the 
water being cooled to evaporate into a moving air 
stream to provide significant cooling to the rest of 
that water stream. The heat from the water stream 
transferred to the air stream raises the air's 
temperature and this air is discharged to the 
atmosphere. Evaporative heat rejection devices such 
as cooling towers are commonly used to provide 
significantly lower water temperatures than 
achievable with "air cooled" or "dry" heat rejection 
devices, like the radiator in a car, thereby achieving 
more cost-effective and energy efficient operation of 
systems in need of cooling..   
To date significant amount of work has been reported 
on experimental and numerical investigations of 
cooling towers characteristics generally denoted by 
KaV/L. The term  KaV/L as per D Q Kern[1] usually 
referred as performance in terms of Number of 
Diffusion Units ηd. Hence 

 
ηd  = KaV/L= ∫

×

( 	 	 ′)
. 

 
K. N. Seetharamu et. al. [3] carried out the 
experiments to find out the effect of various 
configurations of the packing material on the 
performance of a Fluidized Bed Cooling Tower 
(FBCT) The experiments indicates the best shape of 

the packing material is not the spherical. The 
predictions from the single stage equilibrium model, 
in the light of the present experiments, are modified 
which can be used to predict the performance of 
FBCT when packing materials of different shapes are 
used and also with N. Sisupalan [4] carried out the 
experiments to observe Heat transfer and pressure 
drop in fluidized bed by varying the bed heights and 
reported optimum static bed height for the range of 
parameters investigated in the present tower is 
between 11 and 13 cm.The pressure drop is in the 
order of 0.6 mm of water column per cm of static bed 
height and the maximum dynamic bed height 
observed is 26 cm, experimental investigations are 
also carried out with S. V. Bedekar, P. Nithiarasu[5] 
for the performance of counter flow packed bed 
mechanical cooling tower , the experiments are carred 
at lower flow rates L/G ratios less than 1 and reported 
that the tower characteristics decreases with increase 
in L/G ratio. Douglas [6] reported the performance 
for the cooling and humidification of a hot wet air 
stream in a floating bed contactor with a packing 
consisting of hollow polypropylene spheres of 
diameter 38.1 mm and a static bed height, V, of 254 
mm. Over the ranges tested, NTU was found to 
decrease with the increasing water or air mass flow 
rate. Experiments for water cooling in a FBCT, by 
Barile [7], covered static bed heights up to 457 mm 
and spherical packing diameters of 19 mm and 38.1 
mm. The tower characteristic KaV/L was found to 
increase, albeit at a diminishing rate, with increased 
static bed height, and was slightly lower for the larger 
spheres. The measurements exhibited values of Ka, 
an order of magnitude higher than those for fixed 
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packing towers. Furthermore, the data indicated that 
Ka decreases as V increases and increases with 
increase in either G or L. Hamid Reza Goshasyeshi et 
al [8] developed a mathematical model and carried 
out a computer simulation program for the numerical 
prediction of the performance of a fluidized bed 
cooling tower. The mathematical model is based on 
the heat and mass transfer equations. This model is 
used to predict the thermal behavior of a fluidized 
bed cooling tower with experimental data and 
reported the accuracy of 5% obtained using the 
chosen model can be then taken into account 
whenever this model is used to predict other 
characteristics related to the fluidized bed cooling 
tower. M. Lemouari et. al. Investigated the effect of 
the air and water flow rates on the cooling water 
range as well as the tower characteristic of a 
mechanical draft counter flow wet cooling tower 
filled with an low density material packing and 
reported the cooling water range, R, increases with an 
increase in the air flow rates, whereas it decreases 
with an increase in the water flow rates. The 
recommended to extend the range of variation of the 
air and water flow rates for relatively higher inlet 
water temperatures, in towers of higher size highest 
values of, R, are reached for lower values of L/G. In 
the present work the experiments are carried at the 
higher values of L\G ratios by keeping the air flow at 
constant rate and varying the water flow rate from 5 
to 25 kg/min at different temperatures of 50°C, 55°C 
and 60°C the cooling tower characteristics are 
examined with and without fluidized bed.  
 
1.1 WORKING 
Fluidization is the phenomenon by which the solid 
particles are made to behave like a fluid through 
contact gas or liquid or both. This   principle is 
utilized in the development of three-phase fluidized 
bed cooling tower.   At low flow rates of air the low 
density fluidizing solid particles lie on one another on 

a mesh or retaining grid at bottom of the cooling 
tower main body column as shown in Fig a. This state 
of fluidized bed is said to be in static or fixed state. If 
the velocity of the air flowing upward increases,  
               Fig a.                Fig b.             Fig c. 

1.Upper retaining grid. 2. Hot water droplets. 3. 
Downward water flow. 4. Fluidized bed material. 5. 
Bottom retaining grid. 6. Upward air flow.   

 
fluidization occurs, the low density bed materials 
forms as bubbles and intensive mixing of the bed 
materials and the air forms a turbulent action similar 
to a boiling fluid as shown in Fig b. This is the 
fluidised State. Further increase of the air velocity, 
will eventually cause entrainment of the fluidized bed 
particles from the column into the upward moving 
air. The contact and close proximity of the particles to 
one another ceases as the solid particles become 
mobile as shown in Fig c. This is the pneumatic or 
hydraulic transport State.   
 
1.2 Fluidised Bed Cooling Tower Theory 
In order to substantiate certain assumptions made 
theoretically, the design and development of the 
cooling tower with fluidised bed requires certain 
experimental justification in relation to its thermal 
and hydraulic performance. Most investigators have 
resorted to empirical relationships. One of the reasons 
for this approach may be due to the complex nature of 
operation; the hydrodynamics consist of various 
dependent and independent parameters with the bed 
materials giving unpredictable fluidization behaviour 
at many experimental conditions. Moreover, the 
FBCT hydrodynamics directly influences the degree 
of fluidization. Since this in turn affects the rate of 
heat and mass transfer, it follows that the thermal and 
hydraulic performance are interrelated. In this 
chapter, new methods that attempt to generalize the 
different theories relating to fluidised bed 
hydrodynamics and heat and mass transfer are put 
forward taking into account the work of other 
investigators. Additionally, new theoretical 
techniques are presented so as to justify the present 
experimental work on heat and mass transfer and 
hydrodynamics. 
 
Heat and Mass Transfer 
 
Several methods that provide an indication of a 
cooling tower thermal performance exist. The most 
common being the range of cooling. This is normally 
defined as the difference in temperature between the 
inlet hot water temperature and the and the outlet 
cooled water temperature. It may be represented as:  
 
CT Range (°C) = [CW inlet temp – CW outlet temp]  
 
Another simple method of evaluating tower 
performance is called the approach to the wet-bulb 
temperature. This is the temperature attained by a 
small reservoir of water in contact with a large 
amount of air flowing past it. The approach may be 
defined as the difference in temperature between the 
outlet cooled water temperature and the inlet air 
ambient wet-bulb temperature 
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CT Approach(°C) = [CW outlet temp –Wet bulb 
temp] 
The performance of cooling tower usually referred to 
as the tower characteristic,	η - performance in 
number of diffusion units depends on the L/G ratio, 
temperature level of cooling and ambient air wet bulb 
temperature 
 
Hydrodynamics 
The hydrodynamics of the FBCT basically consists of 
air pressure drop at the bottom of the cooling tower 
due to the fluidised bed formed, the gas and liquid 
holdups, the maximum and minimum fluidisation gas 
velocities and the bed expansion due to fluidisation. 
In counter current gas-liquid-solid flow with the gas 
as the continuous phase, the mode of transport is such 
that energy and momentum are expended by the 
upward flowing gas in order to overcome the 
combine weight of the downward flowing liquid and 
the bed solid particles 
                 

 
 
III. EXPERIMENTAL SET UP 

 
As per the literature reviewed2 many studies are made 
for the performance study of the fluidized bed cooling 
tower and concluded that the better performance due 
to the introduction of fluidized bed is achieved at low 
flow rates i.e.at L/G ratios less than one and the 
materials selected in most of the studies are 
thermocol due to less density and for the adaptability 
of different shapes. In our experimental conduct, the 
experiments are carried out at higher flow rates i.e. 
for the L/G ratios more than one (for L/G 1,2,3,4 and 
5) and the results are obtained for Range, Approach 
and cooling tower performance and the variations are 
plotted for different L/G ratios. The overall 
Experimental set up of the proto type model of 
Fluidized bed cooling tower is as shown in below 
photographic figure 3.1 which is a type of forced 

draft wet cooling tower  with all the accessories that 
are utilized to conduct the experiment 
The prototype model consists of main vertical column 
having the size of 300mm x 300mm x 1200mm 
(length x breadth x height). The front and the back 
side of the column have the fibre glass arrangements 
up to a height of 600mm from the base of the column 
for the visible purpose. The water at a condenser 
temperature (say 52°C to 58°C) at a height of 1 meter 
from bottom of the main column and in the back side 
at the top portion there is a opening made for 
hydraulic connection purpose and the bottom of the 
column is provided with connecting chamber is a 
chamber connecting the main working column to the 
air inlet system and also the water after cooling exit 
through this connecting chamber with the piping 
arrangements at the bottom. The inside of this 
connecting chamber consists of blade that provides 
the direction for the flow of air in to the main vertical 
column smoothly.  
 

 
Figure 3.1: Experimental setup of FBCT 

 
DESIGN SPECIFICATIONS AND 
INSRUMENTATIONS 
 
In this section certain calculations are made to selects 
the various components for fabrication purpose as 
well to select the bought out items such as hydraulic 
pump, blower, heating tank with electric heater coils 
for hot water supply at condenser temperature into the 
main column and various specifications of 
instruments like U-tube manometers, water 
Rotameter, Temperature sensors with multi point 
digital indicator to take the temperature readings at 
various location.  
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The various calculations and specification are made 
in the following sections. All the calculations are 
made in order to meet the operating conditions of the 
prototype model of   FBCT.  
The working range of the prototype FBCT is as 
follows. 
 

1. The input temperature to the main column 
should be at the condenser exit temperature 
(say about range from 40˚C to 60˚C). 

2. The flow rate of water should be from 5kg/min 
to 25kg/min in order to maintain the L/G ratio 
(liquid to gas ratio) from 1:1 to 1:5. 

3. The gas flow or air flow should be kept at 
constant air flow rate of  5 kg/min. 

4. The operation has to carry out 10 to 15 min at 
low water flow rate (say at 5,10,15 kg/min) 
and 5 to 8 min at high flow rates (say at 20,25 
kg/min) 

In order to meet the above operating conditions the 
following design specifications are made, which 
majorly includes, Selection of hydraulic pump, 
Selection of forced draft fan or Blower, Selection of 
main working column, Specifications of 
thermocouple with Digital indications, Specifications 
of Rotameter, Specifications of U - tube Manometer 
 
IV. METHODOLOGY 
 
The performance of cooling tower usually referred to 
as the tower characteristic, Ka V / L , will depend on 
the L/G ratio, temperature level of cooling and 
ambient air wet bulb temperature. 
Mathematically given by, 
							η = 	 = ∫

×

( 	 	 ′)
   -----------------(1) 

The calculation procedure for finding the 
performance by analytical method is as follows (as 
per the procedure adapted in process heat transfer by 
D Q Kern)[1] 
 
V. RESULTS AND DISCUSSIONS 

 
This section describes the results obtained from the 
experimental conduct to obtain exit water temperature 
in order to find the values of Range and Approach for 
various liquid to gas ratio (L/G ratio) and the 
variations of Range and Approach are obtained at 
different inlet water temperatures 50˚C, 55˚C and 
60˚C for the cooling tower with fluidized bed cooling 
tower and the conventional cooling tower and finally 
the calculations are made for the performance of the 
cooling tower for each trials of  various liquid to gas 
ratio at different inlet water temperatures 50˚C, 55˚C 
and 60˚C by using the above equation (1). The results 
obtained for the performance of the cooling tower 
(ηd) from the above calculations are compared for 
both cases i.e. for the cooling tower with fluidized 
bed is compared with the cooling tower without 
fluidized bed keeping other conditions such as L/G 
ratio (water and the air flow), inlet temperature, time 
of test duration for 30 minutes is carried out for both 
the cases to get the steady values. The following 
Table 1, Table 2 and Table 3 shows the experimental 
reading at which the cooling tower is operated for 
starting from water and air loading indicating the 
liquid and gas flow rates, L/G ratios and range, 
approach and the performance in number of diffusion 
units at inlet temperatures of 50˚C, 55˚C and 60˚C 
with and without FBCT. 
 

 
Table 1: The cooling tower characteristics in number of diffusion units analytically obtained from the 

experimental readings for Exit temperature, Range and Approach at 50˚C Inlet water temperature water for 
different L/G ratio without fluidized bed. 

 
 

Table 2: The cooling tower characteristics in number of diffusion units analytically obtained from the experimental 
readings for Exit temperature, Range and Approach at 55˚C Inlet water temperature water for different L/G 

ratio without fluidized bed. 
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Table 3: The cooling tower characteristics in number of diffusion units analytically obtained from the experimental readings for 
Exit temperature, Range and Approach at 60˚C Inlet water temperature water for different L/G ratio without fluidized 

bed. 

 
 
The results obtained for the performance at 50˚C inlet 
temperature for both cooling tower with fluidized bed 
and cooling tower without fluidized bed is plotted on 
the graph 1 for different values of liquid to air ratio 
ranging from 1:1 to 1:5. 
 

 
Graph 1: Variation of cooling tower performance 
(ηd) with different values of liquid to gas ratio for 
with FBCT and without FBCT at 50˚C inlet 
temperature. 
 
The above Graph 1 indicates the performance of the 
cooling tower is always higher for each value of L/G 
ratio with fluidized bed compared to without 
fluidized bed. The red curve with square shaped mark 
indicating  
the performance without fluidized bed shows at L/G 
ratio 1 it is very less of 0.4327 numbers of diffusion 
units and suddenly increases at L/G ratio 2 and again 
decreases and increases at higher L/G ratio. It  is  
observed  from  the  red  straight line  which is a 
linear variation of performance without fluidized bed 
is almost appearing to be a constant with a very little 
improvement with increase in L/G ratio but, for the 
cooling  tower  with  fluidized  bed  which is  
indicated by blue curve with diamond shaped 
markings shows increase in the performance with the 
increase in the valve  of   L/G   ratio  with  some  
fluctuations but  the linear slope with blue colour 

clearly indicates at higher L/G ratios i.e. at higher 
water flow rates the fluidized bed cooling tower 
performing better. At L/G ratio 1 i.e. at very low 
water flow rate the performance is quite low without 
FBCT due to improper spraying but with the FBCT at 
very low water flow rate the cooling tower can 
perform better. 
The results obtained for the performance at 55˚C inlet 
temperature for both cooling tower with fluidized bed 
and cooling tower without fluidized bed is plotted on 
the graph 2 for different values of liquid to air ratio 
ranging from 1:1 to 1:5.  

 

 
Graph 2: Variation of cooling tower performance 
(ηd) with different values of liquid to gas ratio for 
with FBCT and without FBCT at 55˚C inlet 
temperature. 
 
The Graph 2 indicates the performance of the cooling 
tower is always higher for each value of L/G ratio 
with fluidized bed compared to without fluidized bed. 
The red curve with square shaped mark indicating the 
performance without fluidized bed shows at L/G ratio 
1 it is very less of 0.4799 numbers of diffusion units 
and suddenly increases at L/G ratio 2 and fluctuates 
with increase in the L/G ratio and also from the red 
straight line which is a linear variation of 
performance   without fluidized   bed  is  almost  
constant  with  a  small  improvement with increase in 
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L/G ratio but, for the cooling tower with fluidized bed 
which is indicated by blue curve with diamond 
shaped markings shows increase in the performance 
with the increase in the valve of L/G ratio, the linear 
slope with blue colour clearly indicates at higher L/G 
ratios i.e. at higher water flow rates the fluidized bed 
cooling tower performing better. At L/G ratio 1 i.e. at 
very low water flow rate the performance is quite low 
without FBCT due to improper spraying but with the 
FBCT at very low water flow rate the cooling tower 
can perform better. This graph gives the better 
comparison compared to 60˚C and 50˚C inlet 
temperature Similarly, the results obtained for the 
performance at 60˚C inlet temperature for both 
cooling tower with fluidized bed and cooling tower 
without fluidized bed is plotted on the graph 3 for 
different values of liquid to air ratio ranging from 1:1 
to 1:5.  
 

 
Graph 3: Variation of cooling tower performance 
(ηd) with different values of liquid to gas ratio for 
with FBCT and without FBCT at 60˚C inlet 
temperature. 
 
The Graph 3 indicates the performance of the cooling 
tower is always higher for each value of L/G ratio 
with fluidized bed compared to without fluidized bed. 
The red curve with square shaped mark indicating the 
performance without fluidized bed shows at L/G ratio 
1 it is very less of 0.501 numbers of diffusion units 
and suddenly increases at L/G ratio 2 and again 
decreases and increases at higher L/G ratio. It is 
observed from the red straight line which is a linear 
variation of performance without fluidized bed is 
almost appearing to be a constant with a very little 
improvement with increase in L/G ratio but, for the 
cooling tower with fluidized bed which is indicated 
by blue curve with diamond shaped markings shows 
increase in the performance with the increase in the 
valve of L/G ratio with some fluctuations but the 
linear slope with blue colour clearly indicates at 
higher L/G ratios i.e. at higher water flow rates the 

fluidized bed cooling tower performing better. At L/G 
ratio 1 i.e. at very low water flow rate the 
performance is quite low without FBCT due to 
improper spraying but with the FBCT at very low 
water flow rate the cooling tower can perform better. 
 
CONCLUSIONS 
 
Experiments are conducted on a cooling tower with 
and without fluidized bed at different inlet water 
temperatures and at different L/G ratios the 
comparisons that are made gives the following 
conclusions  
1. At any particular L/G ratio, if we compare the 

performance readings(ηd ) for the cooling tower 
with fluidized bed with that of the cooling tower 
without fluidized bed the ηd values are always 
higher indicating more cooling effect and the 
Cooling Tower is performing more effectively 
with fluidized bed. 

2. For all the three different inlet water temperatures 
60˚C, 55˚C,50˚C for the different L/G ratio with 
FBCT  at 55 ˚C the performance is  increases with 
increasing in L/G without any fluctuations hence 
55 ˚C is said to be optimum. 

3. It can be observed that performance readings at all 
inlet temperature 60˚C, 55˚C, 50˚C L/G ratio ‘1’ 
as compared to L/G ratio ‘2’ is quite less and after 
further increase in L/G ratio the performance 
readings are almost constant with little variations 
for the cooling tower without fluidized bed, this is 
due to the spraying effect of the spray nozzle is 
quite less thus providing less surface area for 
cooling. 

4. It has been found from the common observation 
the cooling tower with fluidized bed will have less 
drift losses, this is because for the  cooling tower 
without fluidized bed there is direct contact of air 
from the blower to the water droplets which can 
easily carries the very minute droplets in the form 
of drifts, but with the fluidized bed the air from 
the blower will first in contact with the fluidized 
bed materials where the pressure of the air in the  
fluidized bed get reduces and secondly the air will 
get contact to the water droplets hence does not 
force more droplets in the form of drifts. 

By this all improved features we can finally conclude 
that for the same exit water temperature the height of 
the cooling tower can be reduced or we can construct 
the cooling tower of reduced height with fluidized 
bed so that it reduces the materials required for 
construction, since the material cost for construction 
so high compared to fluidize bed materials and also 
reduces labour cost resulting in reduced initial capital 
investments. 
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