
  
 
 
 

240 Bharat Singh Yadav, Kuldeep Thakran, Ashutosh Bhojasiya, Rohan Singh, 

Amit Kumar Bhamu, Mahendra Kumar Verma 

 
 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 4 

April 2016       

Review on Cooling and Dehumidification Process 
 

Bharat Singh Yadav
1
, Kuldeep Thakran

1
, Ashutosh Bhojasiya

1
, Rohan Singh

1
,  

Amit Kumar Bhamu
1
, Mahendra Kumar Verma

1
 

 

Corresponding Author: Mahendra Kumar Verma 
1
Mechanical and Automation Engineering 

1
Amity School of Engineering, 

Amity University Noida 

 

1. Abstract 

Cooling and dehumidification of coolers is a new type of technology which can be used in coolers to provide thermal 

comfort in the areas where humidity is high. Evaporative cooling operates when we combine water and air as working 

fluids. The decrease in air temperature is done by heat exchange through water vapour. This system has a great potential 

to provide thermal comfort in places where humidity is low, being however is less efficient where humidity is high. A way 

to solve this problem is to use de-humidifiers to preconditioning the air. This system can be used in humid climates 

coupling desiccant dehumidification equipment to evaporative coolers. 

This system has many applications like it can operates in places where humidity is high. Also another advantage of this 

type of cooler is that it can work as a disinfectant as we are adding precise amount of alcohol into water.  

For our minor year project we choose to present the research papers and design of the system and later in the major 

project we will fabricate our system and implement our ideas in order to make an effort to make better system out of it. 

 

2. Introduction 

In the past 10 years, evaporative and desiccant cooling technology for air conditioning systems has been used 

as an alternative to the conventional vapour compression systems. This system combines a dehumidification 

system that uses a rotary desiccant wheel, with the direct or indirect evaporative systems, which allow a 

filtered and cooled air supplying temperature, humidity and speed conditions that support environmental 

thermal comfort, even in equatorial and tropical climates. These systems helps us in electrical power saving, 

mainly in places where thermal energy sources are found, where the price of electrical energy is high, and 

where the latent heat percentage is high or where the needed air dew point is low. So, the evaporative cooling 

systems that use an adsorption pre-dehumidification present a great perspective in the thermal comfort. It can 

be used in co-generation systems, where the needed  heat to be regeneration can be gotten from gas turbines 

exhaust a gases or from internal combustion engines or, still, from steam in plants that use steam turbines. 

.Evaporative cooling consists in the use of the water evaporation or other fluid in the presence of a less humid, 

with a consequent cooling of the air. Evaporative cooling equipment can be  the direct evaporative cooling 

type or indirect evaporative cooling  type. The adsorption dehumidification is a physical process that fixes the 

molecules of an adsorbate on the adsorbent surface, usually porous and granulated. Desiccants attract moisture 

from the air by creating an area of low vapour pressure at the surface of desiccant. 

This system has many applications like it can operates in places where humidity is high. Also another 

advantage of this type of cooler is that it can work as a disinfectant as we are adding precise amount of alcohol 

into water. 

Type of cooling system: Evaporative Cooling: This involves the use of evaporation of water with 

consequent cooling of air. Evaporative cooling
[1]

 is especially effective in places where the WBT is less. It can 

be of two forms direct or indirect. When evaporative cooling of air is done in direct contact with cool liquid 

surface, then it is called direct evaporative cooling
[1]

. But when the opposite occurs i.e. when the cooling is 

achieved with indirect methods, then the type of cooling is known as indirect cooling. These methods 
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generally employ systematic decreasing the temperature of the air by exchanging heat and mass energy and 

keeping enthalpy constant
[1]

, thereby reaching the desired temperature. 

The efficiency of the apparatus
[2]

 can be calculated by comparing the original and the new dry bulb 

temperatures, original
[2]

 being when the cooler was completely efficient. Idealistic condition can be achieved 

when DPT and DP is both equal to the wet point temperature. 

Dehumidification and adsorption of process flow air with energy conservation:The process that enables 

the smooth functioning of the desiccant during the flow of air through the system is called dehumidification 

using adsorption
[4]

. The desiccant work by creating a vacant space that has a lower pressure as compared to 

the surroundings which attracts the moisture from the air, thereby dehumidifying it. The scientific 

explanation
[4]

 to this can be given by the fact that there is a significant difference between the partial 

pressures
[4]

 of dehumidified air and humid air which separates them and renders them useful for further 

treatment and cooling. Most adsorbents used are as follows: 

1. Lithium chloride 

2. Activated alumina 

3. Lithium bromide 

4. Zeolite 

The desiccants are coated on a structure that enables them to be rigid
[3]

 and stand straight. After usage and 

subjecting to the dehumidification, the desiccant is did to be used up and needs to be regenerated before it can 

be used later for further dehumidification. This process is generally achieved by subjecting the desiccant 

intense heat, such as an oven which evaporates away all the moisture adsorbed. Most new types of desiccants 

that are now available in the market incorporate colour changing mechanisms for different conditions of 

moisture. 

There are many different ways in which a desiccant can be used to obtain the moisture from air. The most 

suitable method which we found after our research was the usage of the desiccant in the form of a wheel
[3]

 that 

continually rotates to simultaneously facilitate the removal and regeneration of the desiccant and the air 

respectively. The process usually requires mounting the wheel on an axis so that the ambient air which enters 

from one side of the wheel is rejected from the other side thereby successfully completing both processes. 

Usually a corrugated structure in the form of a honey comb is used as it facilitates maximum exchange of 

mass from air to desiccant. Once this is achieved the hot air returning in the form of outdoor air serves as the 

process air for reactivation and regeneration of the desiccant wheel. The wheel also conserves energy
[3]

 as 

both types of air (supply and exhaust) are treated at the same time. 

Generally these wheels are easily able to work on 74%of the process air
[4]

and 26% of reactivation air. Another 

advantage that the desiccant humidifier provides is to regulate the check of entry of process air in the system. 

This also enables s regular maintenance and check up with required cleaning of system. 

Silica Gel:As per the research papers many experiments were performed and extensive research was done 

over different chemicals being used as desiccants
 [6]

. The most effective chemical was silica gel which 

outperformed both theoretically and experimentally. The adsorption rate of silica gel
[6]

 was outstanding and 

the diffusion of moisture particles inside it was found to be proportional to the following parameters: 

1. Concentration 

2. Temperature 

3. Concentration gradient 

A common approach to determine the best candidate was by deducing a linear equilibrium relation
[11]

 at the 

surface of the particle. After intensive numerical analysis and taking into account various losses and diffusion 

rates the method of chromatographic curve was used. Diffusion coefficients were calculated for every 

contestant. 

A prominent reason of mass rejection of other chemicals was the inaccuracy induced in diffusion coefficient 

due to methane in activated carbon. It greatly changed the predicted and experimental values
[5]

. 



  
 
 
 

242 Bharat Singh Yadav, Kuldeep Thakran, Ashutosh Bhojasiya, Rohan Singh, 

Amit Kumar Bhamu, Mahendra Kumar Verma 

 
 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 4 

April 2016       

Definitive arrangement and package density:Several research papers were studied to find out the correct 

way to stack the desiccant, to achieve maximum adsorption with a fairly easy packing structure. Experiments 

were conducted for intermediate density and regular density silica beds. The results were theoretically 

possible but practically improbable
[7]

. The main reason of rejecting most arrangement was in adequate 

practical applications. Finally, the honeycomb structure was decided by comparing the statistics of all other 

arrangements. The only down side to the honeycomb package resistance was the overall resistance offered by 

the structure. Fortunately we found out that even this worked in our favour as lesser amount of air needed to 

be cooled which in turn increased the coolant efficiency in the adjoining chamber. 

Reactivation time:The silica gel once used is reactivated by subjecting it to hot air or an oven. The premier 

advantage of using a silica gel dehumidifier is that it can be reactivated indefinitely. Some higher costing 

variants had the ability to change their colour when subjected to moisture
[9]

. Some other advantages of silica 

gel are that it is nontoxic and non-flammable. 

 

Fig 1: Rotary dehumidifier wheel
 [7] 

 

 

Fig 2: Schematic diagram of the system (unit A: mixer and fan of the process air; unit B: desiccant 

dehumidifier type rotary wheel; unit C: energy conservation wheel; D unit: direct evaporative cooler; unit E: 

mixer and fan of the reactivation air; unit F: direct evaporative cooler; unit G: source of reactivation energy)
 [7] 
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3. Literature Review 

Kensaku Maedapresented in his paper -the air wheel used to traverse the process air passage uses silica gel to 

absorb moisture from the moving air. It assists the device to utilise the heat pump and employ refrigeration for 

regeneration of used silica gel. The parameters that were studied were evaporative cooling using silica gel and 

dehumidification factor various desiccant. It was concluded that a reduced size of the heating apparatus would 

be sufficient. The temperature of air stream was determined. The recovery mechanism of the desiccant is 

similar to one employed in modern day refrigeration. The process air with humidity is forwarded through the 

passages to the desiccant wheel which exchanges it in the second cycle during the return of air
[1]

. 

John G Ingersoll and Linda M Maxwell presented in their paper - The air conditioning system used in modern 

day cars uses refrigerants for conditioning. Desiccants can also be used for achieving similar cooling 

temperatures. The parameters that were worked upon were molecular sieve and charcoal filter. The sieve is an 

intricate arrangement of desiccants in a definite pattern to allow maximum surface area for moisture 

adsorption. The charcoal filter provides removal of dust and other dirt particles. The value of air exit 

temperature was found to be lower than estimated. Also the size of air conditioner was reduced according to 

the size of the vehicle
[2]

. 

Vladimir Kaplan showed in his paper -Most devices are unable to provide complete dehumidification of 

desiccant after uses. Various psychrometric diagrams were studied in order to find the temperature range for 

near-to-complete dehumidification of the desiccant. It was found that less regeneration energy was required if 

the size of heating apparatus is reduced which is turn reduces the requirement for auxiliary heat. Viable 

arrangements of desiccants for maximum efficiency of moisture adsorption were also studied
[3]

. 

Y Tashiro, M Kubo, Ykatsumi, T Meguro showed in their paper - Silica gel alone is not entirely effective as a 

humidity filter. This research paper provides insight into fusing chloride salts with silica gel to produce 

effective filters. These hybrid desiccants are studied for parameters like rate of water adsorption, operational 

temperature and size of silica gel particles. The challenge was to find the suitable dehumidification element 

which can function effectively at lower degeneration temperature. The types of silica gel to be fused were also 

studied
[4]

. 

John C Fischer presented in his paper - The silica gel used is coated with a temporary layer of molecules. This 

leads to considerable increase in the weight of the desiccant. This research paper deals with desiccant coated 

with substrates and air treatment using those substrates. It also introduces the concept of rotary 

dehumidification wheels. Some parameters that were studied were – the thickness of substrates and their 

adsorption capacity. Some extremely high temperature tolerant substrates were also found. The flexibility to 

coat substrates with corrugated shapes was also achieved. Varying weights of coating layers were 

manufactured
[5]

. 

S Misha, MS Ruslanpresented in their paper - The physical state of desiccant is important to be studied as 

applications might vary with different operating temperatures. This paper deals with experiment with different 

physical states of desiccants (solid or liquid). It was found that an improvement in the moisture adsorption 

capacity is possible by acceleration of drying rate of desiccant. This directly led to the reduced cost of 

regeneration and development of mass regeneration process plant. The state of matter of the desiccant is 

crucial when operating temperatures are either high or very low. Gaseous desiccant work in the same way as 

modern day refrigerants, however the process and the results obtained are different
[6]

. 

James A Collener, Dean S Caltonpresented in their paper - Temperature is an integral part in any air 

conditioning system. The temperature at which different desiccant are activated has been studied. The rotation 

speed of the desiccant wheel was also calculated. The advantages of CFC refrigerants over desiccants were 

also elaborated. Hybrid heat pump was employed for heat exchange and some key characteristics like heating, 

cooling, coil defrost and regeneration were studied upon
[7]

. 

JR Camargo, E Godoy Jr showed in their paper -This research paper talks about the development of 

mathematical software for analyzing conditions by inputting various operational parameters of the system and 
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computing results. The most important parameters for such calculations are latent heat of vaporization and 

specific heat of moist air. This mathematical system also uses the thermodynamic condition of entering air 

flow to estimate the conditions of the exiting air flow using pre-defined algorithms. Various other estimates 

based on superficial values can also be made to predict air conditions in various locations
[8]

. 

HTM Hettiarachchi, William M Worekpresented in their paper - The entire arrangement of a rotary 

dehumidification wheel depends upon two factors, firstly arrangement of the desiccant in a sieve and secondly 

the type of desiccant (adsorption parameters). This paper uses Othmer’s method to find the required chemical 

composition of the desiccant to be used. Sorption properties of different molecular sieves were studied based 

on the type of equilibrium isotherms degenerated. It was found after meticulous calculations that the heat of 

sorption is 50% greater than latent heat of vaporization
[9]

. 

M Epstein, M Grolmes, K Davidson showed in their paper - A very important factor while designing a 

desiccant based air conditioning system is its performance potential. It can be defined as the response of the 

cooling system in exchange to the conditions it is subjected to. It is found that using mixed inert desiccant 

material adsorption beds, one can study the algebraic model of the wave motion arising due to this beds to 

study the adsorption capacity of the desiccant which in turn is directly related with the performance 

potential
[10]

. 

MA Rady, AS Huzzayin, P Moneyron, E Arquispresented in their paper - Encapsulated phase change 

materials are used as additives in the dehumidifiers to achieve higher cooling capacity with less sensible 

heating. The moisture removal capacity also increases exponentially with the decreases of the particle 

diameter. Mathematical modelling is quint essential in estimating heat and mass transfer rate in such 

heterogeneous porous beds. The fundamental advantage of adding EPCM in desiccant is that a decrease in bed 

temperature can be achieved with negligible decrease in moisture adsorbing capacity
[11]

. 

Charoensupaya D presented in the paper - A polynomial equilibrium relation was developed based on explicit 

finite difference scheme. The mathematical model was transient heat and mass transfer processes was also 

made. Parameters like gas phase diffusion and surface diffusion were studied by experimental and analytical 

investigation of composite desiccant structures. Some variables were calculated using the Thomas algorithm 

and Crank-Nicolson method
 [12]

. 

 

 

4. RESULT & CONCLUSION 

The design of the device has been thoroughly talked about with explicit mentioning of the process air flow 

heat and mass transfer and cooling of air. The relative efficiencies of each process have been computed and 

interdependent parameters have also been studied. We have also talked about the different type of desiccant 
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(silica gel or otherwise) which can be used for adsorption dehumidification. The arrangement in which the 

desiccant is to be packed (as a honeycomb molecular sieve or otherwise) has also been talked about. Suitable 

biodegradable material to facilitate easy heat exchange and evaporative cooling in the form of a rice husk bed 

has also been studied. The rate of exchange of heat during each process has been calculated. The adsorption 

occurs when the bed is dry as compared to the inlet air and the initial condition of bed is retained after the 

transfer of moisture from air to silica gel particle. 

The regeneration of silica gel after moisture adsorption has also been talked about. In some cases, when we 

use a higher grade of silica gel we can witness a color change after successful resorption and 

dehumidification. Usage of a solid or liquid desiccant has also been studied with evaluating their respective 

drying rates and moisture adsorption capacity. The desiccant wheel’s alternative to current refrigerants 

(chlorofluorocarbons) have also been studied by analyzing parameters like heating, regeneration, cooling and 

bed defrost. 

The performance potential of desiccant air conditioning system under the usage of mixed inert desiccant 

material adsorption beds and their response to cooling system conditions with performance has been 

evaluated. 

The type of molecular sieve and its influence of optimum dehumidification performance have been evaluated 

by Othmers method and various other transfer equations. A failed attempt to check feasibility of encapsulated 

phase change materials as substrates on desiccant has also been done. 
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