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Abstract — Cooling tower operation is based on evaporative cooling as well as exchange of sensible heat.
During evaporative cooling in a cooling tower, A small amount of the water this is being cooled is evaporated
in a transferring flow of air to chill the relaxation of the water. Also when heat water comes in contact with
cooler air, there can be realistic warmness transfer in which the water is cooled.A cooling tower is a warmth
exchanger designed to lessen the temperature of water used in commercial and business programs. The method
rejects waste warmth into the ecosystem through the cooling of a water movement to a decrease temperature.
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I. INTRODUCTION

In an attempt to build a steady economic progress most of the countries are undergoing rapid
industrialisation. Everyone either at domestic, keep, save or company would love to possess as plenty of
electrical conveniences as viable. Numerous stages of day by day residing with daily work are greatly associated
with the supply of electrical strength centers. A big demand for cooling comes from the strength stations. Most
of the economic tactics in trend generate waste heat that must be removed and dissipated. Small portions are
effortlessly rejected at once to the atmosphere, but big heat hundreds commonly dissipated via cooling water.
Cooling water gadget is a quintessential part of many industries. Thermal pollution is a multi-faceted problem
regarding a huge spectrum of questions ranging from its unique effect on aquatic life to the layout of more green
electric powered strength vegetation. Hence, a long time studies alone can find a right answer for most of those
issues and it'll be more time eating. With the ever growing use of water, water shortages have creeped in almost
all of the metropolitan cities. Therefore, using water recuperation systems is confused through all governments.

The cooling tower falls beneath one type of water healing gadget. A cooling tower is sincerely a heat
exchanger in which the cooling is performed by way of mixed switch of realistic heat and evaporation of small
percentage of water. The touch time and location between air and water are elevated through spraying water
over a fill, and passing air through the fill. In industries, it's miles vital to switch heat from sure components of
the plant to be able to prevent the nearby temperature rise. Sometimes heat can be transferred immediately to the
surroundings by way of natural or forced convection, however greater frequently the usage of water cooling on
cost-efficient grounds. Where water is abundant, the supply can be taken from a river, lake or estuary and
returned immediately at a better temperature. But, in lots of instances, this is not possible, both due to the fact
the supply at the favored site is inadequate, or due to the fact the water temperature has already been raised as
high as allowable. In such cases, the plant cooling water is constantly recirculated through a cooling tower.
Within reasonable limits, cooling tower will burn up anything heat load imposed on it, regardless of its length
and performance. However, the size and functionality of the tower does set up the temperature degree, which in
flip determines the operative performance of the machine as an entire.

1.1 TYPES OF COOLING TOWERS
The phenomenon of cooling tower design could be very huge:

It consists of designs seemed as heat exchangers and towering systems wherein water and air are in
direct touch. The structures simply cited are the concrete shells of the big herbal draft cooling towers. In those
towers, it's miles the natural buoyancy of the new air that reasons it to float upward via the tower. Most of them
are "wet" towers, the water and air being in direct touch because the water trickles or splashes over a grid of bars
or plates, called packing.

In mechanical draft towers, air is circulated by method of fanatics. They cowl a miles wider variety of
sizes than herbal draft towers. Most of them provide for direct contact in the packing and hence are wet, but dry
mechanical draft towers also are used.

The choice to combine the benefits of natural and mechanical draft has brought about the design of
"assisted draft" towers, resulting in a completely high capability cooling towers. A similar choice to combine the
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benefits of moist and dry towers had brought about the layout of "wet-dry" towers, which employ each direct
and oblique contact between water and air in exceptional elements of the tower. These are normally based
totally on mechanical draft.

1.2 CONSTRAINTS OF CONVENTIONAL COOLING TOWER

The following are the limitations of conventional cooling towers:

e Atmospheric cooling tower has no control over cooling range as the performance depends on atmospheric
air only.

e Mechanical draft towers provide wider range of operating conditions but the design conditions are limited
by the initial cost rather than ability to perform.

e  Space requirement is more.

o Drift loss is another problem associated with these cooling towers.
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Figure 1.1 — Conventional cooling tower

1.3 FLUIDIZED BED COOLING

Fluidization today is a completely younger and lively subject. The activities requiring the fluidized bed
have been increasing in fields inclusive of electricity, raw cloth useful resource, quality chemical industry and
so on. Fluidized mattress era has grown nearly exponentially over the past few a long time. A fluidized mattress
is a heterogeneous system — a suspension of strong particles in a movement of fuel and liquid. Fluidized beds
are beds of stable particles supported by means of upward drift of a gas or liquid. Because of their temperature
uniformity, extremely good heat switch characteristics, and debris handling opportunities, fluidized beds have
found extensive utility for physical and chemical strategies. The numerous types of 3-phase fluidization are in
numerous respects characterized by using high quality residences and seem to offer promising opportunities for
utility in the chemical industry. Three-section fluidization being the problem of enormously little published
studies and the sum of the understanding concerning those operations is taken into account. Three-segment
fluidized mattress system operates with fuel-liquid-stable mixtures. Gas-liquid-strong fluidization is defined as
an operation in which a bed of stable debris is suspended in fuel and liquid media due to the net drag force of the
gas and/or liquid flowing opposite to the internet gravitational pressure or buoyancy force at the particles. Such
an operation generates large intimate contact most of the gas, liquid and solid particles in those structures and
offer significant advantages. There is a actual want to apprehend well the behaviour of fluidizing debris and the
plant wherein they're fluidized. These issues offer widespread intellectual and experimental demanding
situations. As they are complicated in nature, it's miles tough to form mathematical simulation programmes.
Hence, the existing evaluation is taken up.
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Figure 1.2 — Fluidized bed cooling tower

Il. LITERATURE REVIEW

HishamEI-Dessouky et al. [1993] [1]The experimental results suggest that the tower characteristics
KaV/L increases with increases inside the bed static peak and hot water inlet temperature and with decreases in
the water/air mass flux ratio. It is likewise shown that the air-facet stress drop will increase very slowly with
increases in air velocity. The minimal, fluidization velocity changed into discovered to be unbiased of the static
mattress top.

A Grandovet al. [1995] [2] In this paper the authors have given the grounds for the use of cooling
towers with fluidized beds in contaminated water and air. The results of experimental research into the
hydrodynamic and heat and mass change procedures were listed within the huge variety of water and air
velocities with bed factors of different densities.

S.VBedekar et al. [1998] [3]Results are offered in phrases of tower traits, water-outlet temperature,
water to air float price ratio (L/G ratio) and efficiency. Tower performance decreases with an growth in the L/G
ratio as is also located in other types of cooling towers.

Hichemmarmouch et al. [2010] [4]in this work, we investigated experimentally the thermal overall
performance of a forced cooling tower utilized in a sun desalination gadget based on humidification—
dehumidification of air. the cooling tower is a counter flow moist one packed with film packing substances.

M.Lemouari et al. [2010] [5]The investigation is concerned in particular on the impact of the air, water
float fees and the inlet water temperatures at the thermal effectiveness of the cooling tower in addition to the
heat rejected by using this tower from water to be cooled to the air flow discharged into the ecosystem. The two
running regimes which were located at some stage in the air/water touch in the tower, a Pellicular Regime (PR)
and a Bubble and Dispersion Regime (BDR) look like important, as The BDR regime enables to cool large
quantity of water waft costs, even as the Pellicular regime outcomes with higher thermal effectiveness.

Peymanlimani-Mofrad et al. [2016] [6] This take a look at deals with an experimental research on the
effect of different kinds of filled beds at the thermal performance of a wet cooling tower by using using zinc
oxide (ZnO)/water nanofluid. Different concentrations of ZnO/water nanofluid had been prepared thru -step
process by using using natural water with electrical conductivity of two puS/cm. First, by the use of ZnO/water
nanofluid (0.08 wt%), impact of six specific crammed beds were investigated at the thermal overall performance
of the cooling tower.

PeymanImani-Mofrad et al. [2018] [7] In this study, first a brand new method has been provided for
equalization of ambient situations in distinct experiments on cooling towers. Next, the use of this approach, the
impact of 4 nanofluids which include Zinc Oxide/Water, Silica/Water, Alumina/Water, and Graphene/Water has
been investigated experimentally at the thermal overall performance of a wet cooling tower with a cross glide.

YangZhou et al. [2018] [8] On this paper revealed that the greatest non-uniform pattern need to be
decided on via terms of complete attention of electricity conservation and water-saving. The P4 pattern is the
optimal non-uniform pattern if giving the concern to energy conservation, and conversely, the P3 is the choicest
sample if considering water-saving characteristic preferentially.

SelvanBellan et al. [2018] [9]In this study at, thermal overall performance of a currently evolved five
kWth fluidized mattress reactor for solar gasification has been investigated and reported. Discrete detail
approach (DEM) has been used for modeling the granular float, and computational fluid dynamics (CFD)
technique has been used for modeling the multiphase go with the flow.
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NedaGilani et al. [2019] [10] The effects display that when the preliminary diameter of water drops is
decreased, the temperature of outlet water reduces; whereas, using the hybrid gadget reduces the system water
temperature up to approximately 32 °C and 37 °C with and without dehumidifier device at 10 m peak of bathe
cooling tower. In warm and humid regions, reducing the method water temperature of bathe cooling tower
applied in the hybrid gadget is more compared to a single cooling tower.

AidaFarsi et al. [2019] [11] In this look at, we modify a sensible hybrid device evolved with the aid of
National Renewable Energy Laboratory (NREL) and analyze it thermodynamically through strength and exergy
methods for evaluation, overall performance assessment and evaluation purposes. In this system, the stable
debris are used because the direct heat switch medium in solar receiver, thermal electricity garage and fluidized
bed heat exchanger. Furthermore, the hydrodynamic components of the fluidized mattress (FB) are carried out
to show the stress drop and the fluidizing-fuel compression power as essential factors inside the FB attention.

K.Hornbostelet al. [2019] [12]This version predicts absorbers of similar dimensions and smaller
strength penalties than previously modeled absorbers filled with amine solvent capsules. Furthermore, it's far
validated here that a few affordable improvements to capsule layout might result in absorber sizes and power
consequences decrease than the ones of a benchmark amine solvent tower. These results exhibit that micro-
encapsulated carbonate answer can compete with quicker-acting amine solvents for submit-combustion carbon
seize.

MeigeZheng et al. [2020] [13]In this paper, a range of heat transfer fluids are compared, using energy
and exergy analysis, and varying the tube diameter, tube wall thickness, and tube-bank flow configuration. The
model optimises exergy efficiency including pumping work, assuming uniform flux, and neglecting the effects
of thermal stresses, circumferential tube temperature variations and cost.

LiminLiu et al. [2020] [14] The experimental convective heat transfer coefficients within the high-
velocity and low-velocity conditions respectively. A new correlation is presented primarily based on the trend
similarity among the Colburn j issue and friction issue, to are expecting the pebble mattress convective heat
switch characteristics, with a discrepancy no greater than 10%.

Saurabh et al. [2020] [15]The results obtained from the analysis assist in assimilation of big results
imparted via the control parameters on to the heat switch charge and water facet heat transfer coefficient. The
use of response surface methodology within the development of floor contours has also been supplied.

ThomasRobbins et al. [2020] [16]A novel centrally heated, externally cooled (CHEC) adsorbent bed is
conceptualized, modeled, and examined at a lab scale. It gets rid of the want for cooling liquid strains and
controls to the adsorbent mattress, decreasing gadget complexity and permitting the machine for use over a
massive variety of thermal inputs. The discount in complexity is done via the use of the external surface of the
bed to without delay transfer heat to the encompassing air. Such a gadget is good for small-scale waste heat
usage in which a chiller tower value or area prohibitive.

MohammadAmini et al. [2020] [17] In this take a look at, outcomes of using nanofluid (distilled water
as base fluid and aluminum oxide and copper oxide as nanoparticles) on thermal performance of mechanical
draft cooling tower have been experimentally investigated and outcomes were compared with performance of
the tower in presence of natural water. A counter flow moist cooling tower with non-uniform and rotational
splash type packing has been used.

M.Diaz-Heras et al. [2021] [18]This paper affords the experimental outcomes obtained in a at once
irradiated fluidized bed. A bed with a diameter of 314.76 mm become filled with SiC particles and immediately
irradiated from the top with a beam-down reflector with a 2 kW Xe-lamp. The examine examines the have an
effect on of the bed height and airflow charge on the temperature distribution over the top surface of the
mattress (where the concentrated irradiation impinged), measured with an infrared digicam. In addition,
fluidization styles have been compared: even and uneven fluidization.

MehdiRahmatiet al. [2021] [19]The results suggest that water temperature distinction, cooling
performance, and tower characteristic could decorate by means of increasing layers of packing and weight
concentrations of nanofluid. Moreover, the extra compact packing is, the greater noticeable results of nanofluid
are.

Borja GarridoArias et al. [2021] [20]The modern work is aimed toward improving the sustainability of
a meals commercial plant through circular economy technique, the usage of a waste stream, coming from the
showering and disinfection of bottles earlier than product packaging, as source of water for the cooling process.
The implementation of this technique is a good deal extra applicable in sectors which can be water-intensive,
consisting of food and drinks industry. The wastewater produced as consequences of the bathing procedure has
pretty excessive exceptional, consequently, there reuse within the cooling manner is justified.

WWW.ijres.org 98 | Page


https://www.sciencedirect.com/science/article/abs/pii/S135943111930359X#!
https://www.sciencedirect.com/science/article/abs/pii/S0038092X18312210#!
https://www.sciencedirect.com/science/article/abs/pii/S0306261918317355#!
https://www.sciencedirect.com/science/article/abs/pii/S0038092X20309932#!
https://www.sciencedirect.com/science/article/abs/pii/S0149197020300573#!
https://www.sciencedirect.com/science/article/abs/pii/S1359431119337366#!
https://www.sciencedirect.com/science/article/abs/pii/S0140700720303674#!
https://www.sciencedirect.com/science/article/abs/pii/S1359431119369583#!
https://www.sciencedirect.com/science/article/abs/pii/S0894177720307469#!
https://www.sciencedirect.com/science/article/abs/pii/S014070072100116X#!
https://www.sciencedirect.com/science/article/abs/pii/S2214714421001513#!

A Review on Effects and working of Fluidized Bed Cooling Tower

[11.
[2].
[3].
[4].
[5].
[6].
7.

8.
[91.

[10].
[11].
[12].
[13].
[14].
[15].
[16).
[17].
[18].
[19].

[20].

REFERENCES
HishamEl-Dessoukyet al., “Thermal and hydraulic performance of a three-phase fluidized bed cooling tower”, Experimental
Thermal and Fluid ScienceVVolume 6, Issue 4, May 1993, Pages 417-426
AGrandov et al., “Cooling towers with fluidized beds for contaminated environment Cooling towers with fluidized beds for
contaminatedmedia”, International Journal of Refrigeration Volume 18, Issue 8 , 1995 , Pages 512-517
S.VBedekaret al., “Experimental investigation of the performance of a counter-flow, packed-bed mechanical cooling tower”,
Energy Volume 23, Issue 11, November 1998, Pages 943-947
HichemMarmouch et al., “Experimental study of the performance of a cooling tower used in a solar distiller”, Desalination Volume
250, Issue 1, 1 January 2010, Pages 456-458
M.Lemouari et al., “Experimental investigation of the performance characteristics of a counterflow wet cooling tower”,
International Journal of Thermal Sciences Volume 49, Issue 10, October 2010, Pages 2049-2056
Peymanlimani-Mofrad et al., “Experimental investigation of filled bed effect on the thermal performance of a wet cooling tower by
using ZnO/water nanofluid”, Energy Conversion and Management Volume 127, 1 November 2016, Pages 199-207
Peymanimani-Mofrad Et Al., “Experimental Investigation of The Effect of Different Nanofluids on The Thermal Performance of A
Wet Cooling Tower using A New Method for Equalization of Ambient Conditions”, Energy Conversion And Management Volume
158, 15 February 2018, Pages 23-35.
Yangzhou Et Al., “Experimental Study on The Drag Characteristic and Thermal Performance of Non-Uniform Fillings for Wet
Cooling Towers under Crosswind Conditions”, Applied Thermal Engineering Volume 140, 25 July 2018, Pages 398-405
SelvanBellan et al., “Numerical and experimental study on granular flow and heat transfer characteristics of directly-irradiated
fluidized bed reactor for solar gasification”, International Journal of Hydrogen Energy Volume 43, Issue 34, 23 August 2018, Pages
16443-16457
NedaGilani et al., “Developing of a novel water-efficient configuration for shower cooling tower integrated with the liquid
desiccant cooling system”, Applied Thermal Engineering VVolume 154, 25 May 2019, Pages 180-195.
AidaFarsiet al., “Thermodynamic assessment of a hybrid particle-based concentrated solar power plant using fluidized bed heat
exchanger”, Solar Energy Volume 179, February 2019, Pages 236-248
K.Hornbostel et al., “Packed and fluidized bed absorber modeling for carbon capture with micro-encapsulated sodium carbonate
solution”, Applied Energy Volume 235, 1 February 2019, Pages 1192-1204
MeigeZhenget al., “Analysis of tubular receivers for concentrating solar tower systems with a range of working fluids, in exergy-
optimised flow-path configurations”, Solar Energy Volume 211, 15 November 2020, Pages 999-1016
LiminLiuet al., “Experimental analysis of flow and convective heat transfer in the water-cooled packed pebble bed nuclear reactor
core”, Progress in Nuclear Energy Volume 122, April 2020, 103298
Saurabh et al., “Analysis and optimization of thermal characteristics in a rotating packed bed”, Applied Thermal Engineering
Volume 165, 25 January 2020, 114533
ThomasRobbins et al., “A centrally heated, air-coupled adsorption cooling system driven by waste heat”, International Journal of
Refrigeration Volume 120, December 2020, Pages 58-65
MohammadAminiet al., “Thermal performance analysis of mechanical draft cooling tower filled with rotational splash type packing
by using nanofluids”, Applied Thermal Engineering Volume 175, 5 July 2020, 115268
M.Diaz-Heras et al., “Experimental observations on directly irradiated fluidized beds: Even and uneven fluidization”, Experimental
Thermal and Fluid Science Volume 120, 1 January 2021, 110242
MehdiRahmati et al., “Effects of ZnO/water nanofluid on the thermal performance of wet cooling towers”, International Journal of
Refrigeration Available online 23 March 2021
Borja GarridoArias et al., “Sustainable recovery of wastewater to be reused in cooling towers: Towards circular economy approach
”, Journal of Water Process Engineering Volume 41, June 2021, 102064

WWW.ijres.org 99 | Page


https://www.sciencedirect.com/science/article/abs/pii/089417779390018E#!
https://www.sciencedirect.com/science/journal/08941777
https://www.sciencedirect.com/science/journal/08941777
https://www.sciencedirect.com/science/journal/08941777
https://www.sciencedirect.com/science/article/abs/pii/0140700796817774#!
https://www.sciencedirect.com/science/journal/01407007
https://www.sciencedirect.com/science/journal/01407007/18/8
https://www.sciencedirect.com/science/article/abs/pii/S0360544298000449#!
https://www.sciencedirect.com/science/journal/03605442
https://www.sciencedirect.com/science/journal/03605442/23/11
https://www.sciencedirect.com/science/article/abs/pii/S0011916409011059#!
https://www.sciencedirect.com/science/journal/00119164
https://www.sciencedirect.com/science/journal/00119164/250/1
https://www.sciencedirect.com/science/journal/00119164/250/1
https://www.sciencedirect.com/science/article/abs/pii/S1290072910001407#!
https://www.sciencedirect.com/science/journal/12900729
https://www.sciencedirect.com/science/journal/12900729/49/10
https://www.sciencedirect.com/science/article/abs/pii/S0196890416307889#!
https://www.sciencedirect.com/science/journal/01968904
https://www.sciencedirect.com/science/journal/01968904/127/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0196890417312086#!
https://www.sciencedirect.com/science/journal/01968904
https://www.sciencedirect.com/science/journal/01968904/158/supp/C
https://www.sciencedirect.com/science/journal/01968904/158/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S1359431118309402#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311/140/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0360319918318147#!
https://www.sciencedirect.com/science/journal/03603199
https://www.sciencedirect.com/science/journal/03603199/43/34
https://www.sciencedirect.com/science/article/abs/pii/S135943111930359X#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311/154/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0038092X18312210#!
https://www.sciencedirect.com/science/journal/0038092X
https://www.sciencedirect.com/science/journal/0038092X/179/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0306261918317355#!
https://www.sciencedirect.com/science/journal/03062619
https://www.sciencedirect.com/science/journal/03062619/235/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0038092X20309932#!
https://www.sciencedirect.com/science/journal/0038092X
https://www.sciencedirect.com/science/journal/0038092X/211/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0149197020300573#!
https://www.sciencedirect.com/science/journal/01491970
https://www.sciencedirect.com/science/journal/01491970/122/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S1359431119337366#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311/165/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0140700720303674#!
https://www.sciencedirect.com/science/journal/01407007
https://www.sciencedirect.com/science/journal/01407007
https://www.sciencedirect.com/science/journal/01407007/120/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S1359431119369583#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311/175/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0894177720307469#!
https://www.sciencedirect.com/science/journal/08941777
https://www.sciencedirect.com/science/journal/08941777
https://www.sciencedirect.com/science/journal/08941777/120/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S014070072100116X#!
https://www.sciencedirect.com/science/journal/01407007
https://www.sciencedirect.com/science/journal/01407007
https://www.sciencedirect.com/science/article/abs/pii/S2214714421001513#!
https://www.sciencedirect.com/science/journal/22147144
https://www.sciencedirect.com/science/journal/22147144/41/supp/C

