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Abstract 

The world confronts a looming and potentially disastrous global energy crisis on 

an extensive scale, driven by the realization that conventional energy reservoirs, such 

as oil and gas, are insufficient to meet the escalating demand. In the contemporary 

context of embracing "green" and "sustainable" approaches to Heating, Ventilation, and 

Air-Conditioning (HVAC) design, integrated solutions have emerged as a preferred 

technique for enhancing indoor air quality, thermal comfort, and energy efficiency. The 

intrinsic link between thermal comfort and indoor air quality becomes apparent in both 

the characteristics of the indoor environment and the way occupants respond to it, 

emphasizing their interconnectedness. The impact of indoor environmental quality on 

occupant health is undeniable, and these factors cannot be neatly separated in reality. 

Recognizing the paramount importance of healthy indoor conditions, the 

American Society of Heating, Ventilation & Air-Conditioning (ASHRAE) has 

advocated for increased ventilation airflow rates across diverse applications and 

buildings. Air-conditioning, being one of the broadest applications of refrigeration 

processes, faces the critical challenge of achieving comfortable indoor conditions 

while minimizing the carbon footprint through the use of renewable energy or waste 

heat. To maintain specified temperature, humidity, air purity, and overall air quality 

in alignment with human comfort and the specific needs of processes or products, air-

conditioning systems must adeptly offset both sensible and latent loads within a space. 

This multifaceted endeavor underscores the complex task of harmonizing comfort, 

sustainability, and functionality in the pursuit of a healthier and energy-efficient built 

environment. 

With this in mind first step was to go through previous research wok done over a 

period of years to understand and get acknowledged with the recent and past work done. 

This step of literature review was helpful to decide the parameters affecting the 

dehumidification effectiveness and then the important parameter applicable to the 

current application was selected as regeneration system. In hot and humid regions, 

combining a desiccant structure with a vapor compression refrigeration system can 

eliminate latent and sensible load. It also increases COP while decreasing power usage 

in the vapor compression refrigeration system. When a desiccant scheme is combined 

with a solar reactivation system, the desiccant restoring temperature is reduced from 
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(70-80) °C to around (50-60) °C.  

Experimental investigation of conventional air conditioning system and desiccant 

air conditioning system using three different regeneration methods i.e. heat from solar, 

electric heater and solar and electric heater has been carried out and its various 

performance parameters i.e. dehumidification effectiveness, adsorption rate (kg/hr), 

dehumidification coefficient of performance (DCOP), regeneration effectiveness, 

regeneration rate (kg/hr), Vapour compression coefficient of performance (VCCOP), 

have been analyzed at different process air inlet temperatures, at different process air 

inlet velocities, at maximum regeneration air velocity for hot and humid Indian (Pune) 

climatic conditions.  

Main aim of this research work was to compare and estimate performance of air 

conditioning system using desiccant wheel and air conditioning system using solid 

desiccant dehumidifier with solar reactivation employing three distinct regeneration 

methods, i.e. initially solar operating solely on solar energy, next working electric 

heater and lastly running electric and solar heater for revival of desiccant wheel. 

VCCOP, regeneration effectiveness, regeneration rate (kg/hr) analyzed for air 

conditioning system and for desiccant air conditioning system with three different 

regeneration methods. It is found that VCCOP, refrigerating effect and heat rejection 

rate for system decrease with increment in different air temperatures at process inlet. 

It is found that dehumidification effectiveness, adsorption rate (kg/hr) and DCOP 

decrease with increase in the different process air inlet temperatures for all the different 

process air inlet velocities and at maximum (4.5 m/s) regeneration air inlet velocity for 

system with all three different regeneration methods. Thus, to increase 

dehumidification effectiveness air inlet velocity should be low in all cases. To increase 

adsorption rate (kg/hr) and DCOP air inlet velocity should be high in adsorption sector 

and low in the regeneration sector. Dehumidification effectiveness, adsorption rate 

(kg/hr) and DCOP decrease with a decrease in process air inlet humidity ratios at all 

the different process air inlet velocities for all the three arrangements with desiccant 

wheel at maximum (4.5 m/s) regeneration air inlet velocity. 

On the basis of the present work, it can be said that a novel desiccant air 

conditioning system with complete solar energy, effective regeneration methods and 
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with optimum performance parameters is evolved which is a promising technology for 

improving performance, fully environment friendly, lesser thermal pollution and can 

be recommended for future generation air conditioning systems. 
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1. INTRODUCTION 

1.1. Desiccant Dehumidification System 

Air dehumidification can be achieved by two methods: (1) cooling the air below its dew 

point and removing moisture by condensation, or (2) sorption by a desiccant material 

Figure 1 . Desiccants in either solid or liquid forms have a natural affinity for removing. 

moisture. As the desiccant removes the moisture from the air, desiccant releases heat 

and warms the air, i.e., latent heat becomes sensible heat [1]. The dried warm air can 

then be cooled to desired comfort conditions by sensible coolers (e.g., evaporator coils, 

heat exchangers, or evaporative coolers.). To re-use the desiccant, it must be 

regenerated or reactivated through a process in which moisture is driven off by heat 

from an energy source such as electricity, waste heat, natural gas, or solar energy. Since 

the air leaving the desiccant is heated because of the release of heat adsorption, there is 

a need for cooling the dried air in cooling applications. This can be accomplished with 

a sensible heat exchanger such as a heat pipe or with a standard vapor-compression 

cooling coil. 

 

Figure 1: Working of desiccant wheel [2] 

The comfort of building occupants, the durability of building materials, and the 

functionality of program types that manage hygroscopic materials are all impacted by 

indoor moisture. One of the most important considerations in the design of an air 



2 
 

conditioning system is the capacity to keep precise humidity levels within a particular 

range by eliminating moisture from supply air. By blowing air over a chilled coil (made 

of water, glycol, or refrigerant) that has been cooled below its dew point, moisture is 

traditionally removed. In a vapor compression refrigeration system, the refrigerant 

enters the evaporator in a liquid condition, absorbs heat, transforms into vapour, and 

then, with the aid of the compressor and condenser, returns to a liquid state [3]. 

1.2. Desiccants 
A desiccant is a hygroscopic substance that is used to induce or sustain a state of dryness 

(desiccation) in its vicinity; it is the opposite of a humectant. Commonly encountered 

pre-packaged desiccants are solids that absorb water. Desiccants for specialized 

purposes may be in forms other than solid, and may work through other principles, such 

as chemical bonding of water molecules. They are commonly encountered in foods to 

retain crispness. Industrially, desiccants are widely used to control the level of water in 

gas streams. Desiccants are commonly used to keep products dry and stable [4]. Dry 

desiccants (figure 2) can absorb moisture from air either by physical adsorption or by 

chemical reaction, and thus reduce the humidity in the headspace of sealed containers. 

Some of the most common desiccants consist of silica gel, activated charcoal, charcoal 

sulfate, molecular sieves, activated alumina, calcium chloride, and montmorillonite 

clay. There Are two types of desiccant materials: - 

1) Solid Desiccant 

2) Liquid Desiccant 

There are Different types of Liquid Desiccants as shown in Figure 2(c) and (d):- lithium 

chloride (LiCl), Lithium Bromide (LiBr) and calcium chloride (CaCl2). 
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c d 

 

Figure 2: Types of desiccants a. Silica gel, b. Alumina, c Lithium Chloride and d. 
Calcium Chloride [5] 

Air conditioning systems play a vital role in maintaining indoor comfort by controlling 

temperature and humidity levels. However, conventional air conditioning systems are 

energy-intensive and heavily rely on refrigerants that contribute to environmental 

issues, such as global warming and ozone depletion [6]. To address these concerns, 

researchers and engineers have been exploring alternative solutions that are more 

sustainable and energy-efficient. One such innovative approach is the design and 

fabrication of a hybrid air conditioning system using solid desiccants. Solid desiccants 

are materials with a high affinity for water vapor, capable of removing moisture from 

the air. By integrating solid desiccants into the air conditioning process, we can achieve 

effective dehumidification without relying solely on refrigerants[7]. 

The hybrid air conditioning system combines the principles of desiccant 

dehumidification with traditional cooling methods. It consists of three main 

components: a desiccant wheel, a heat exchanger, and a cooling coil. The desiccant 

wheel, coated with solid desiccant material, rotates between two air streams: the process 

air stream and the regeneration air stream [8]. During the dehumidification process, the 

process air stream passes through the desiccant wheel, where moisture is adsorbed by 



4 
 

the solid desiccant material. This results in a significant reduction in the humidity of 

the air. The dehumidified air then enters the heat exchanger, where it transfers its 

sensible heat to the incoming fresh air stream. This pre-cooling process reduces the 

workload on the subsequent cooling coil [6]. After the desiccant wheel has adsorbed a 

sufficient amount of moisture, it moves into the regeneration air stream. The 

regeneration air, heated by a separate heat source, flows over the desiccant wheel, 

causing the desiccant material to release the moisture it has absorbed. The moisture-

laden air is then exhausted from the system. This regeneration process rejuvenates the 

desiccant wheel, preparing it for the next dehumidification cycle. 

In addition to the solid desiccant-based dehumidification, the hybrid system 

incorporates a traditional cooling coil. The pre-cooled air from the heat exchanger 

passes through the cooling coil, where its temperature is further reduced. This cooling 

process ensures that the conditioned air achieves the desired temperature setpoint, 

providing optimal comfort [9]. The design and fabrication of a hybrid air conditioning 

system using solid desiccants offer several advantages. Firstly, it reduces the reliance 

on refrigerants, minimizing the environmental impact and complying with stricter 

regulations. Secondly, it provides efficient dehumidification, improving indoor air 

quality and preventing the growth of mold and mildew. Lastly, it enhances energy 

efficiency by utilizing waste heat from the regeneration process and pre-cooling the air 

before it reaches the cooling coil. 

Solid desiccants: Solid desiccants used in this hybrid air conditioning system can be 

materials like silica gel, zeolite, or activated carbon. These materials have a high 

affinity for water vapor and can effectively adsorb moisture from the air [10].  

Energy efficiency: The hybrid system achieves higher energy efficiency compared to 

conventional air conditioning systems. By separating the dehumidification and cooling 

processes, the system can optimize each step independently, resulting in reduced energy 

consumption. 

Regeneration heat source: The regeneration air stream, which carries the moisture 

released from the desiccant material, needs a heat source to facilitate the regeneration 

process. This heat source can be waste heat from other industrial processes, solar 
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energy, or even low-grade waste heat from the cooling process itself. Utilizing waste 

heat further enhances the overall energy efficiency of the system [11]. 

Control and automation: The hybrid air conditioning system incorporates advanced 

control and automation systems to optimize its operation. Sensors and algorithms 

monitor and adjust parameters such as air humidity, temperature, and flow rates to 

maintain optimal indoor conditions while minimizing energy consumption [12]. 

Application areas: The hybrid air conditioning system using solid desiccants is well-

suited for various applications, including residential buildings, commercial spaces, 

industrial facilities, and even vehicles[13]. It can provide effective dehumidification 

and cooling in humid climates, where traditional cooling systems alone may struggle to 

maintain comfort levels. 

Environmental benefits: By reducing reliance on refrigerants, the hybrid system 

contributes to the mitigation of environmental issues such as global warming and ozone 

depletion. Solid desiccants offer a more sustainable and environmentally friendly 

alternative, making the system a greener choice for air conditioning[13]. 

Maintenance and operational considerations: The hybrid system requires regular 

maintenance to ensure the optimal performance of the desiccant wheel, cooling coil, 

and other components. Proper monitoring, cleaning, and replacement of the desiccant 

material are crucial for consistent and efficient operation. 

Integration with renewable energy sources: The hybrid air conditioning system can be 

integrated with renewable energy sources, such as solar panels or geothermal systems, 

to further reduce its carbon footprint. This integration enhances the sustainability aspect 

of the system by utilizing clean and renewable energy for both the cooling and 

regeneration processes. 

In conclusion, the design and fabrication of a hybrid air conditioning system using solid 

desiccants represents a promising solution for sustainable and energy-efficient air 

conditioning. By combining the principles of desiccant dehumidification with 

traditional cooling methods, this system offers effective humidity control while 

reducing reliance on refrigerants [14]. Further research and development in this field 
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hold the potential to revolutionize the way we cool and condition indoor spaces, 

promoting a greener and more comfortable future[15]. 

 

Figure 3: Solar activated desiccant dehumidifier system 

Dehumidifiers put desiccant materials to work absorbing moisture from the air. One air 

stream is ducted through the rotor with the air that has to be dried or processed in it. 

The moist desiccant is heated by the rotor when it is introduced to the reactivation air 

stream. Water vapour is released as moisture from the desiccant substance. Due to 

decreasing equipment prices made possible by economies of scale, modular designs, 

and the usage of desiccant silica gel discs, industrial dehumidification systems have 

grown in popularity recently[16]. The reactivation heat in the first desiccant systems 

was created by electric heater. This case of solar activated desiccant dehumidifier 

system (Figure 3) is more effective and energy efficient than the previous system. These 

desiccant systems are incredibly effective and straightforward since they regenerate the 

desiccant wheel with solar heat energy [17]. 

In many cases, the air is subsequently heated back up to the desired supply temperature 

after this sub-cooling. In commercial and institutional buildings including 

supermarkets, schools, ice arenas, cold storage facilities, hotels, theatres, and hospitals, 

desiccant dehumidification aided air conditioning systems are finding more and more 

uses for humidity control. Desiccant systems are increasingly being used, especially in 
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hospitals, hotels, and supermarkets because they handle latent heat loads better than 

traditional vapour compression refrigeration systems. These systems and desiccant 

materials have undergone substantial design advances over the past several years to 

control humidity more cost-effectively in buildings with higher moisture and 

ventilation loads from wet ambient air[18]. Other advantages that desiccant systems 

can offer to building owners and occupants include: Hotels use desiccant devices to 

provide dry makeup air in an effort to stop mould and mildew growth on the furniture. 

Since these furnishings now need to be changed less frequently, this is turning out to 

be a significant savings for hotels.  
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1.3. Problem Statement 

The aim of this project is to develop and perform thermal analysis on a solar-activated 

desiccant dehumidification system for air conditioning applications. The system will 

utilize a desiccant material to remove moisture from the air, thereby reducing the 

humidity and improving indoor comfort. The project objectives include modeling, 

simulating, and experimentally analyzing the performance of the desiccant-assisted air 

conditioning system, followed by the validation of the obtained experimental results.
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1.4. Objectives 

The main objectives of this study are: 

 Modelling of desiccant assisted air conditioning system. 

 Theoretical analysis of the desiccant assisted air conditioning system 

 Experimental performance analysis of the modelled system 

 Validation of the experimental results. 
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2. OVERVIEW OF THE LITERATURE 

Provision of the properly conditioned air is the most essential part of todays polluted 

environment. Food items, groceries, medicines and some industrial applications require 

conditioned air to maintain the quality and the properties. There are various parameters 

which need to be considered while conditioning the air which are, temperature, 

filtration, moisture presence (relative humidity) and proper distribution of the 

conditioned air. In this proposed research the focus is only on controlling the 

temperature and humidity of the air. The temperature control of air can be done with 

the help of vapour compression system. For the humidity control desiccant assisted 

vapour compression system will be used. Adsorbent desiccant media are made by either 

(1) utilizing stuffed beds of strong adsorbent grains or pellets or (2) applying a solid 

desiccant, for example, silica gel or activated carbon as a thin layer to high surface 

region materials like a honeycomb of aluminium or a finned heat exchanger [18]. 

2.1. Desiccant Wheel and its design 

There are different arrangements which can be used with solid desiccants, one is 

solid desiccant wheel which is rotating at low speed. This wheel has dehumidification 

area and regeneration area separated by clapboard. Another arrangement is of desiccant 

towers. One tower is used for dehumidification while at the same time another tower is 

regenerated. M. Ali et. al. [2] discussed the typical arrangement consisting of a slowly 

rotating wheel impregnated with a desiccant like a silica gel or a molecular sieve, in 

which a part of the wheel is intercepting the incoming air stream while the rest of it is 

being regenerated. They studied operation of desiccant wheel at different operation 

conditions like hot dry and hot humid[18]. Experimentation in diverse regeneration 

temperature (59–144OC) shows that all of the described efficiencies except the 

dehumidification efficiency, decrease by the temperature (Figure 4). Increasing the 

desiccant wheel speed (4–24 rotations per hour) caused smaller time intervals between 

adsorption and desorption processes, hence all of the efficiencies except adiabatic 

efficiency were improved. Control of the rotation speed of the rotor to the optimum is 

needed to bring out the best performance in the rotary desiccant wheel. 
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Figure 4: Effect of regeneration temperature on desiccant wheel efficiencies [2] 

Desiccant wheel speed and regeneration to dehumidification area ratios are the 

important parameters which contributes mainly to the wheel efficiency. J. D. Chung et. 

al. [19]. have carried out simulation for simple desiccant wheel system. The key 

operating and design parameters, the wheel speed and Ar (regeneration area)/Ap 

(dehumidification area) have been examined for a range of regeneration temperatures 

from 60OC to 150OC. The optimum value of Ar/Ap at low regeneration temperature 

showed close results with the simulation and are similar to the values from the 

manufacturer’s catalogue. If the outdoor humidity increases, regeneration to 

dehumidification ratio becomes larger.  

Toshimi et al [12] discussed three types of adsorbent rotors on the basis of 

dehumidifying performance. The dehumidifying performance decreases with 

decreasing temperature of regeneration air. This effect can be compensated by 

increasing the area of regeneration. Finally concluded that the dehumidifying 

performance of adsorptive honeycomb rotor dehumidifiers is improved by changing the 

neutralizing agents for sodium silicate solution.  

Some researchers also developed desiccant wheel model and discussed the 

simulation and experimental results for heat and mass transfer. Antonellis et al [13] 

carried out case studies and did many simulations in order to investigate effect of 

variation of working conditions on the dehumidification capacity and on the optimal 

revolution speed. G. Panaras et al [14] discussed the design parameters of solid 

desiccant air conditioning systems. Maclaine-Cross design approach is considered for 

the desiccant model system. A basic design parameter for desiccant systems is the air 

flow rate, as this parameter defines the size of the subsystems involved. The selection 

of the appropriate value for the air flow rate, is related to the capability of the system 

(figure 2) to cover the sensible and latent load of the conditioned space, as well as to 
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satisfy the hygienic requirements in terms of air refreshment. Another parameter which 

influences the performance of the systems is the regeneration temperature of the 

desiccant wheel, as this parameter is critical for the performance of the 

dehumidification process in the desiccant wheel Figure 5. 

 

 

 

 

 

 

 

 

 

 

Figure 5: Coefficient of performance (COP) vs air flow velocity at various regeneration 
temperature. [14] 

The first patent on rotary desiccant air conditioning cycle was introduced by 

Pennington in 1955 (Figure 6). Some researchers compared conventional vapour 

compression system for dehumidification with desiccant dehumidification. D. L. Y. Dai 

et al [5] suggested that new desiccant materials and novel system configurations have 

significant potential for improving the performance and reliability and reduces the cost 

and size of rotary desiccant dehumidification and air conditioning system. This paper 

also discussed stagged regeneration system. Regeneration process include two stages 

pre-regeneration with relatively low temperature and regeneration with high 

temperature. The research suggested that, staged regeneration is advantageous in not 

only reducing the size of heat exchanger, and thus reducing system size and cost, but 

also lowering the requirement of effectiveness of heat exchanger without extra loss in 

performance. Solar driven rotary desiccant air conditioning system is also discussed in 

the paper.  
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Figure 6: Pennington Cycle [5] 

AA: Ambient Air; SA: Supply Air; EA: Exhaust Air; DW: Desiccant Wheel; HE: 

Heat Exchanger; HS: Heat Source; DEC: Direct Evaporative Cooler. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Representation of Pennington cycle on psychrometric chart.[5] 

Study and simulation of the solid desiccant dehumidification system is done by 

Taweekun et al [15]. The ANSYS and TRASYS software were used to predict the 

results of dehumidifiers and the desiccant cooling systems, respectively. The desiccant 

dehumidifier designs under investigation were the stationary desiccant column and the 

rotary desiccant wheel. Amount of desiccant in the bed was 15 kg, and the desiccant 

considered was silica-gel, with average diameter of 3 mm. The findings of the research 

are the pressure drop and the adsorption rate of desiccant column are higher than those 

of the desiccant wheel; the most feasible and practical adsorption rate of the desiccant 
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wheel used in this experiment was 0.102 kgw/h at air flow rate 1.0 kg/min, regenerated 

air temperature 55°C and at 2.5 rpm wheel speed. 

Solid desiccant selection for the desiccant wheel is the important of all. The 

desiccant material is selected based on its properties like adsorption capacity, 

regeneration temperature, time for regeneration etc. P. Goyal et al [20] done 

experimental study on adsorption and diffusion of moisture and wet flue gas on silica 

gel. Moisture equilibrium and kinetics on silica gel are measured using static volumetric 

and dynamic column breakthrough methods. Chih-Hao Chen et al [21] also done 

investigation on silica gel fluidised bed system to adsorb/desorb moisture in air 

conditioning system. The experiment is done for the parameters like regeneration 

temperature of 40 _C, inlet temperature of 30 _C, inlet relative humidity of 60%, and 

wind velocity of 2 m/s periodically operating for 40 min. 3mm and 5mm diameter silica 

gel particles are studied. As pert the results Silica gel fluidised beds compared with the 

packed beds in the same test conditions increase the total amount of adsorption and 

desorption by 20.8% and 19.8% and reduce the pressure drop and outlet temperature 

by 30% and 36%. 

S. D. White et al [22]done experimental study on different desiccant materials. 

Properties of polymer desiccant are compared with silica gel. Silica gel was selected as 

the reference desiccant material as its performance has been well characterized. a 

ferroaluminophosphate zeolite material, was chosen as a second desiccant material for 

investigation. The polymer desiccant wheel achieved greater dehumidification than 

silica gel wheel at low regeneration temperatures and high relative humidity. For high 

regeneration temperatures it does not benefit as much. dehumidification achieved by 

the zeolite desiccant wheel was generally less than that achieved by the silica gel 

desiccant wheel. Pressure drop across the length of the wheel was also higher. Unlike 

the other two wheels, the level of dehumidification achieved by the zeolite desiccant 

wheel decreased with decreasing supply air velocity and was insensitive to regeneration 

air velocity. 

Different properties like elasticity, viscoelasticity, permeability, sorption, viscosity 

of pore liquid and drying shrinkage are studied by the Scherer [23]. Results indicated 

drastic changes in the properties of silica gel. Viscosity of the silica gel decreases as the 

applied stress increases. For relative density up to 0.3 permeability decreases and at 

higher densities, the decrease is faster.  
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M.M. Younes et al [24] studied silica gel composites for adsorption cooling 

applications. From this study it can be concluded that, packing density for composite 

material is in the range of 834-975 kg/m3, thermal conductivity is improved to 32% in 

comparison with silica gel alone.  

Alfred Christy [25] discussed the silica gel chemical properties and their proportions. 

The relationship between water adsorption effectiveness of the silica gel samples and 

the concentrations of vicinal and free silanol groups have been clearly demonstrated in 

this article. The adsorption of water by a silica gel sample decreases when there is an 

imbalance in the concentrations of vicinal and/or free silanol groups on the silica gel 

surface. This imbalance can be created by thermal treatment or hydrothermal treatment 

of the samples. In both cases the adsorption effectivity of water decreases. 

A critical review on HVAC dehumidification systems is presented by P. Mazzei et 

al [26]. Various possible configurations of air handling units are analysed. In 

mechanical dehumidification ambient temperature and humidity can be controlled by 

AHU. The configuration of AHU which is more convenient among other is one with 

two wheels enthalpy and sensible wheel respectively upstream and downstream of the 

cooling coil. Adsorption dehumidification have now provoked new interest other than 

the industrial applications.  

Desiccant dehumidification is an established and successful technology used for 

many years. However, decreasing the cost of desiccant dehumidification systems and 

improving their performance will definitely provide more opportunities for desiccant 

dehumidification technology [27]. 

2.2. Adsorption and desorption techniques for the desiccant wheel 

Desiccant regeneration can be achieved by various methods. The heat energy is used as 

input energy source in the regenerator of liquid desiccant cooling system; this heat can 

come from different sources such as solar, biomass waste heat, or other low-grade 

energy source [28]. The researchers have worked on the different methods of 

regeneration time to time. Chih-Hao Chen et al [29] worked on electrothermal 

regeneration technique. The actual use of heat energy for desiccant regeneration is only 

28.2%. The method is tested on zeolite and activated alumina by directly heating the 

adsorbent. Another method of regeneration is using compressed air Experimental 

results showed that the temperature uniformity and regeneration time of electrothermal 

adsorption unit dryers were twice and one-third that of the heated air-flow dryers.  
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K.F. Fong et al [30] investigated the impact of the characteristics of adsorbents on 

the performance of the desiccant wheel. The research suggested to consider the ratio of 

specific heat of adsorption to specific heat of vaporisation of adsorbent, the smaller the 

ratio, the lower the regeneration temperature required. 

Heat assisted regeneration is the most common method. For the heat source, electric 

heater, solar heater or waste heat can be used. Goodarzia et al [31] performed 

experimental evaluation of solid desiccant wheel regenerated by waste heat. the 

performance of a rotary dehumidifier is studied based on effectiveness parameters 

including moisture removal capacity (MRC), sensible coefficient of performance 

(COPSen), latent coefficient of performance (COPLat) and total coefficient of 

performance (COP Total). Affecting factors including inlet air temperatures for 

regeneration and process streams, humidity ratio, air flow rates, and rotational speed of 

wheel. After studying the results, it is found that all influencing factors expect inlet 

process air temperature have positive correlation with COPs and MRC [32]. 

Investigation on the performance of the desiccant wheel is important hence G. 

Angrisani et al [33] done dehumidification and thermal performance analysis. The 

performance parameters have been evaluated as a function of the regeneration 

temperature, the inlet process air humidity ratio and temperature and the ratio between 

the regeneration and process air flow rates. The results indicated that the higher 

influence on the dehumidification process is due to regeneration temperature than air 

flow rate. 

T. S. Ge at al [34] done experimental testing on contaminant and moisture removal 

performance of silica gel desiccant wheel. Total volatile organic compounds TVOC 

and moisture both are removed using silica gel desiccant wheel. Sensors used for the 

temperature measurement MIK-TH202, for humidity ratio MIK-TH202 and for TVOC 

measurement BR-HOL-1210 are used. It is found that the required regeneration 

temperature for dehumidification of silica gel desiccant wheel is also locates between 

60 and 100oC, then the required regeneration air temperature range for TVOC removal 

and moisture removal fit well with each other (Figure 8), and it makes use one silica gel 

wheel to realize both dehumidification and TVOC becoming feasible.  
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Figure 8: Effect of regeneration temperature on TVOC removal [45] 

Pressure swing adsorption (PSA) is analysed only for the solid packed tower 

desiccant system. S. K. Venkatchalam et al evaluated system design parameters about 

PSA system using statistical design experiments. This is done to obtain the steady state 

moisture content of the dehumidified air. The silica gel is used as a desiccant adsorbent 

material. The pressure requirement of the purge air is 7-8 bar. To conclude, PSA system 

uses low power, quick cycling, twin tower process that can be used for removal of traces 

of water vapor from feed air [35]. 

Use of return air in the regeneration section causes more energy saving (G. 

Heidarinejad et al [31]). there is an optimum value for regeneration temperature when 

the rate of temperature increases and humidity reduction results in minimum wet bulb 

temperature. Also, the effects of desiccant wheel rotation speed on the COP of the 

cycles. If rotational speeds lower than 1.0 rpm, the ventilation cycle has the maximum 

value of COP due to the use of energy from the return air more efficiently. 

2.3. Solar Assisted Desiccant Wheel 

Use of waste heat or solar energy are the energy saving methods for the heat assisted 

regeneration method. Some papers are referred for the study of development and 

construction of solid desiccant system based on solar thermal energy. Napoleon Enteria 

et al [36] have developed experimental solar cooling and heating system. The silica gel 

coated desiccant wheel has been used for the regeneration. Solar system is installed 

considering the proper location and the sun movements. The efficiency of the flat plate 

collector fluctuated from 0% to 100% due to the fluctuation of the solar radiation. The 
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results shows that the cooling produced is not proportional to the thermal energy 

supplied to the desiccant cooling system. The regeneration temperature of 65 _C is 

enough to support dehumidification process as presented. Gamal Hashem et al [37] 

have also developed solar assisted cooling system. In this system the COP of the cooling 

machine is similar to that of single-stage solar absorption chillers and simple reversed 

Stirling and Brayton cycle cooling machines. 

Some researchers used waste heat as well as solar energy for the regeneration heat 

source. Beccali et al [38] The use of a heat recovery coil connected to the compressor 

of the cooling machine was found as good solution for preheating the regeneration 

airflow and for achieving a reduction of solar heat demand. This permits a reduction of 

the solar collector area in the design. desiccant cooling effect achieved 53% of the total 

cooling energy delivered by the AHU. 

M. H. Ahmed et al[39] presented the evaluation and optimization of a solar desiccant 

wheel performance. A numerical model is developed to study and discuss the effect of 

the design parameters such as wheel thickness, wheel speed, regeneration to adsorption 

area ratio, wheel porosity, and the operating parameters such as air flow rate, inlet 

humidity ratio of the air and regeneration air temperature on the wheel performance. 

Numerical results showed that after reaching certain high value of the parameters, there 

is no change in the wheel performance. Wheel thickness was found to be between 0.26 

and 0.18 m for regeneration temperature between 60 and 90OC. The effective air flow 

rate was found to be between 1 and 5 kg/min for the range of temperature between 60 

and 90OC, and the wheel speed range from 15 to 60 rev/h. The results also show that 

the wheel can be designed with an average regeneration fraction area of about 0.8 and 

0.3 at regeneration temperatures of 60 and 90OC, respectively. More importantly, 

experimental results shows that the perforated plate solar air heater of 2 m2 area can 

share about 72.8% of the total regeneration energy required at 1.9 kg/min air flow rate 

and 60OC the regeneration air temperature. Solar adsorption cooing system is studied 

on silica gel and zeolite with monoaxial solar collector of tracking parabolic through to 

provide heat to adsorption bed.  

Some researchers studied optimum adsorption time for effective working of 

desiccant wheel. The experimental results revealed that the performance of the system 

reached the maximum as the adsorption time was 45 min and COP reached 0.258 (Y. 

M. Liu et al [40]). Also found that the performance coefficient and cooling capacity of 

silica gel depend on adsorption time. The silica gel-water pair has shown better 
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performance as compared to the SAPO-34 zeolite-water pair as used in the solar 

adsorption cooling system. Silica gel coated heat exchangers are used for some 

experimental studies which are used for cooling and heating purpose. In summer the 

cool and dry air is supplied and in winter hot air and hot water is provided in the 

northern part of India. (Amit Kumar et al [41]) Hot water from solar heater is provided 

to the silica gel heat exchanger through connecting pies due to thermosyphon 

phenomenon. Then the regeneration air (ambient air) was pumped in the SCHE with 

the help of axial fan. The water vapours were transferred from the desiccant material to 

the regeneration air due to vapour pressure difference. The desiccant material was 

completely regenerated, then the hot water was drained out from the heat exchanger. 

The results indicated that the hot water from the solar heater achieved temperature 

around 64.1OC and 49.4 OC in summer and winter respectively. This hot water 

temperature is sufficient for the regeneration of the material. The regeneration and 

adsorption rate of the desiccant material also depends upon the inlet air moisture 

content. 

Anita Preisler et al [42] performed full year operation with solar operated desiccant 

evaporative cooling system in Austria. The energy saving potential of solar driven 

desiccant evaporative cooling (DEC) systems are mainly evaluated for the summer 

period. Lithium chloride sorption rotor is used as dehumidifier. Figure 6 shows the 

experimental setup. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Schematic of solar driven desiccant evaporative cooling system [30] 
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The results proved that there is major energy saving occurred using solar energy (Figure 

9). So solar energy system has high energy saving capacity compared to any reference 

system.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 

Figure 10: Comparison of primary energy demand [30] 

Ertac et al [43] In this study, a novel desiccant based air-conditioning system was 

considered. This system consisted of a desiccant wheel, heat exchangers, fans, 

evaporative cooler, electric heater unit to simulate solar energy, and refrigeration unit. 

A model was developed to investigate the utilization of solar energy in the system. A 

series of experiments were performed during the cooling season of 2008 to determine 

the performance characteristics of the system investigated. The increase in the 

regeneration air temperature varied approximately between 5 and 17 ◦C depending on 

the ambient dry bulb temperature and solar radiation Figure 10. Utilization of solar 

energy in the system increased the coefficient of performance between 50% and 120%.  

A. M. Elzahzaby et al [44] proposed a mathematical model for predicting the 

performance of solar energy assisted hybrid air conditioning system is presented. The 

honeycombed silica gel desiccant wheel is used in this study. One-rotor six-stage rotary 

desiccant cooling system, (two-stage dehumidification process, two-stage pre-cooling 

process and two-stage regeneration process) are realized by only one wheel. Three air 

streams are involved in the present system. The mathematical model has been validated 

with the experimental data. The range of regeneration air inlet temperature changed 

from 65 to 140 OC, area ratio of process air to regeneration air change from 1 to 3.57, 
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regeneration air inlet velocity from 1.5 to 5.5 m/ s have been examined for a range of 

rotation speed from 6 to 20 rev/h. For increasing the regeneration air inlet temperature, 

the moisture removal capacity increases. The optimal rotation speed increases with 

increasing the inlet temperature of the regeneration air. Moisture removal capacity 

increase with increasing the regeneration air inlet velocity from 1.5 m/s to 3.5 m/s. 

when the regeneration air inlet velocity changes further from 3.5 m/s to 5.5 m/s, the 

increase of moisture removal is not significant.  

Two stage solar driven rotary desiccant cooling system with newly developed silica 

gel haloid composite desiccant is studied by T. S. Ge et al [33] [36]. From the results it 

is found that, compared with one stage system, for a similar supply air state, the required 

regeneration temperature for two stage solar driven rotary desiccant cooling system is 

lower. For the same regeneration temperature, the cooling capacity is bigger.  

Enteria et al [34] did numerical investigation on solar desiccant cooling system with 

two different desiccant wheel coating materials silica gel and titanium dioxide. The 

study showed that the specification of the solar-desiccant cooling system varies 

depending on the climatic conditions. It showed that the required flat plate collector 

area was getting larger from the temperate climate to the tropical climate. In comparison 

with two materials, it is found that Titanium Dioxide (TiO2) can support lower indoor 

temperature and humidity ratio than the Silica-Gel (SiO2) with the same specification 

of the solar thermal system and desiccant cooling system. In general, the solar-desiccant 

cooling system can provide the required indoor temperature and humidity ratio. 

However, for the hot and humid climate such as in tropical, large size of the solar 

thermal system is needed. The proposed setup is represented in Figure 11. 

 

 

 

 

 

 

 

 

 

Figure 11: solar-desiccant cooling system schematic design [33] 



22 
 

Some researchers have used liquid desiccant system and coupled it with solar energy. 

For liquid desiccant system the regeneration temperature is the main energy consuming 

operation. Cheng at al [35] done theoretical and experimental work on solar thermal 

regeneration method and solar electro-dialysis regeneration method. The electro-

dialysis is the new pattern which need electric power supplied by photo voltaic system. 

The solar thermal regeneration efficiency will reduce with increase in temperature and 

humidity of the air entering the regeneration system. Compared to the solar TH 

regeneration system, the PV–ED regeneration system is more energy-efficient but 

expensive.  

Alahmer et al [45] studied comparison of the solar driven cooling system with 

conventional one. this paper highlights some different methods of optimization, which 

used to maximize the performance and minimize the cost. Summarised review is done 

for solar cooling technologies in terms of absorption adsorption and desiccant cooling 

systems. Although the solar cooling reduces the high costly peak loads in the electricity 

grid and avoid greenhouse gases (GHG) emissions, but it has been suffering from low 

COP, low SCP and high initial investment compared to conventional refrigeration 

technologies. There are many strategies to improve the performance of solar cooling 

technologies by employing a heat recovery, mass recovery, multi-bed and multi-stage 

technologies. The desiccant cooling system can represent a suitable selection to 

improve indoor air quality with low operating costs. 

A solar powered air conditioning system using liquid desiccant is proposed by A. E. 

Kabeel [46]. The aim of this proposed work is to study performance of solar air 

conditioning system with a rotary desiccant wheel. The designed experimental setup is 

shown in Figure 12. 

 

 

 

 

 

 

 

 

 

Figure 12: Schematic of solar air conditioning system with a rotary desiccant wheel [38] 
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The wheel effectiveness depends on the solar radiation and the air flow rate. It 

approaches 0.92 for the regeneration process and 0.65 for the absorption process at a 

flow rate of 90 kg/h. The moisture removed for regeneration process at solar noon was 

obtained as a function of inlet air flow rate. 

G. Grossman [47] described open cycle desiccant system with solid or liquid 

desiccants. The main issue handled in this research is solar powered absorption system. 

A comparison of solar-powered systems based on closed-cycle multi-effect LiBr–water 

absorption chillers show only a marginal cost difference between single- and double-

effect systems, despite the higher COP of the latter, due to higher cost of collectors and 

storage for the latter. Alosaimy et al [39] also used solar powered water heater coupled 

with dehumidifier. Experimental results show that solution with 30% concentration can 

be regenerated up to 50% using solar energy. Also studied performance of the system 

using artificial neural network model. Solar water heater is applied for regeneration of 

calcium chloride solution in an air humidifier. Experimental results demonstrate that 

solar water heaters can be used to regenerate calcium chloride from 30% to about 50%. 

Good agreement between the outputs from the ANN model and the corresponding 

results from the experimental measurements are found. 

Napoleon Enteria et al [48] constructed combined solar thermal and electric 

desiccant cooling system. This system can be operated during night time and day time 

as well. Solar energy is being stored using auxiliary heater during day time and can be 

used at night time. stored thermal energy during night time is utilized for the early-

hours of the day operation of the desiccant cooling subsystem. Thus, it is more 

economical than when daytime electric energy is solely relied on. 

2. Desiccant Wheels with Different Geometries 

Some studies are found on the desiccant wheel with different geometries and 

different materials. All these studies are done to explore the various parameters and to 

study the different possibilities of the dehumidification. Like R. Narayanan et al [49] 

designed a non-adiabatic desiccant wheel. The wheel is having slots in between to ease 

the flow of air through it Figure 13. 
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Figure 13: Non adiabatic desiccant wheel. [9] 

The desiccant material is coated in the slots, but this arrangement reduces the cross-

sectional flow area available for the dehumidification. This causes the less rate of 

dehumidification compared with the conventional one.  

A two-step computational framework based on the combination of response surface 

methodology and multi-objective optimization is proposed by A. Zendehboudi et al 

[50] to model the outlet-air state of desiccant wheels and subsequently optimize their 

operation. The results indicated that the wheel diameter must be 44cm for silica gel 

desiccant. The regeneration process temperatures obtained are maximum 68.47OC and 

minimum 40.45 OC and optimum value for regeneration to process area ratio for 

desiccant wheel is found to be 0.33.  

The rotary desiccant wheel without honeycomb matrix structure is tested by U. 

Hanifah et al [51] where silica gel is used as the desiccant material. The 

dehumidification experiment shows the humidity ratio decreased from 0.0205 kg/kg to 

0.0182 kg/kg. The design of desiccant wheel is shown in figure 11. The wheel is 

devided in two parts adsorption and regeneration section. Each part is filled with 900 

gm of silica gel of 3-5 mm diameter. From the data obtained it can be seen that the 

desiccant wheel without honeycomb structure can be used to reduce water content in 

the air but the effectiveness of the wheel is lower because of the poor design and 

construction. The desiccant surface should be exposed more so that it can adsorb more 

power.  
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Figure 14: Desiccant wheel with silica gel packed [44]. 

X. Zhou et al [52] did experiment on internally cooled desiccant wheel and found 

that isothermal dehumidification can be achieved but only with two desiccant layers 

inside heat exchanger tubes. More layers reduced the heat transfer between the air and 

the cooling water in the tube (Figure 14 Figure 15). A cooling water temperature of 

approximately 24 °C was required to achieve isothermal dehumidification for process 

air with inlet temperature of 30 °C and absolute humidity of 16.3 g/kg and regeneration 

air with the inlet temperature of 50 °C and absolute humidity of 16.3 g/kg. This 

indicates 48% improvement in the dehumidification process.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Schematic of internally cooled desiccant wheel [50] 
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Figure 16: Schematic of water flow directions [50] 

There are numerous applications where the desiccant dehumidifier is used. Some 

researchers have studied specific applications where the desiccant dehumidifiers are 

required example drying applications. Desiccant material is used in the drying 

applications because of its low energy consumption (S. Misha et al [53]). Desiccant 

system in drying application has many advantages like, continuous drying, increased 

drying rate due to hot and dry air, more uniform drying and increased product quality. 

The use of heat to regenerate desiccant material in a drying system has limitations in 

energy saving. Therefore, the desiccant material with low regeneration temperature is 

preferable. B. K. Naik et al [54] reported investigation on solid and liquid desiccant 

dehumidification system with reference to humid climates Figure 16. The comparison 

between the solar drying method and desiccant drying is done and stated that the solar 

drying may not be efficient because of the high relative humidity during humid 

climates. The literature concluded that the solid as well as liquid desiccant is suitable 

for deep drying applications i.e. from 30OC to 50OC. If the air flow rate is high then the 

performance of both the driers is enhance.  

The design and material selection of the substrate in the desiccant wheel is also the 

most important part. The substrate is made of ceramic fibre, which provides support for 

the porous silica gel which was deposited on the substrate as an adsorbent. Selecting 

substrate with high porosity not only increases coating rate but also let more water 

vapor enter the holes of substrate, which improves dehumidification capacity of rotary 

desiccant wheel (X. N. Wu et al [2]).  
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R. H. Mohammed et al [55] discussed the adsorption equilibrium equations for the 

isotherm of silica gel/water. It is found that the equilibrium models can not be used for 

to predict the equilibrium uptakes for larger pressure range. Some researchers 

developed composite material to be used in desiccant cooling system combining silica 

gel with polyacrylic acid and sodium polyacrylate. C. H. Chen et al [56] found out the 

mixing ratio to be 10:1:1. The performance of the composite material maintained 80% 

of its highest dehumidification performance. application of the silica gel/polymer 

composite desiccant to air conditioning systems has great energy-saving potential. 

C. X. Jia et al [57] also used compound desiccant wheel to work well under lower 

regeneration temperature. Also have high dehumidification capacity due to 

compounding of silica gel and lithium chloride. Due to its physical structure the 

composite desiccant takes an intermediate position between solid adsorbent and pure 

hygroscopic salt and can be organized in a way to demonstrate the best features of both 

systems. 
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2.4. Literature Gap 

The design and fabrication of hybrid air conditioning systems using solid desiccant 

materials is a relatively new and emerging area of research. While there have been some 

studies and developments in this field, there are still several literature gaps that need to 

be addressed. Here are a few key areas where the literature is lacking: 

Optimization and performance analysis: There is a need for more comprehensive 

studies on the optimization and performance analysis of hybrid air conditioning systems 

using solid desiccants. This includes the selection and characterization of appropriate 

desiccant materials, as well as the design and optimization of system components such 

as desiccant beds, heat exchangers, and regeneration units. Detailed experimental and 

simulation-based investigations are necessary to evaluate the performance of these 

systems under different operating conditions and to identify areas for improvement. 

Long-term system performance and durability: While some studies have reported the 

performance of hybrid air conditioning systems using solid desiccants over short 

durations, there is a lack of research on the long-term performance and durability of 

these systems. Factors such as desiccant degradation, fouling, and system maintenance 

need to be investigated to assess the viability of these systems over extended periods of 

operation. 

Integration with renewable energy sources: The integration of hybrid air conditioning 

systems with renewable energy sources is an important aspect that has not been 

extensively explored in the literature. There is a need to investigate the coupling of 

these systems with solar thermal energy, waste heat recovery, or other sustainable 

energy sources to improve their overall energy efficiency and reduce their 

environmental impact. 

Economic feasibility and market analysis: While the potential benefits of hybrid air 

conditioning systems using solid desiccants are evident, there is a lack of 

comprehensive economic feasibility studies and market analyses. Research focusing on 

the cost-effectiveness, return on investment, and market potential of these systems is 

necessary to understand their commercial viability and adoption potential. 

Comparison with other air conditioning technologies: It is essential to compare the 

performance, energy efficiency, and economic aspects of hybrid air conditioning 
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systems using solid desiccants with other established air conditioning technologies such 

as vapor compression systems, evaporative cooling, or absorption chillers. Such 

comparative studies will help in understanding the advantages and limitations of solid 

desiccant-based systems and their potential role in the broader context of air 

conditioning technologies. 

Overall, the literature gap in the design and fabrication of hybrid air 

conditioning systems using solid desiccants indicates a need for further research to 

address these gaps and to advance the development and adoption of these promising 

technologies. 

 

 

 



30 
 

3. SETTING OF THE EXPERIMENTAL SETUP 

The construction of Rotary Desiccant Dehumidification System is very simple & 

compact. Basically, it is assembly of Base frame Wheel, motor and Heating Element. 

The complete diagram of the dehumidification of air production using Rotary Desiccant 

Dehumidification System (Figure 17). Experimental setup of the desiccant dehumidifier 

system is done by considering some standard parameters. The parameters are given 

below in the table 1. Standard dimensions are considered for the desiccant wheel for 

the air supply of 400 cmf. This air supply is considered for the dehumidification of the 

room with dimension 8ft by 6ft. The desiccant wheel is having standard dimensions 

(table 1) for the same application.  

The hybrid air conditioning system begins by drawing in the process air, which is 

typically warm and humid, into the system. The process air enters the desiccant wheel 

section of the system, where the solid desiccant material is coated on the surface of the 

wheel. As the desiccant wheel rotates, the process air passes over the desiccant material. 

The desiccant adsorbs the moisture present in the air, effectively reducing its humidity. 

The dehumidified air continues its path through the system.  

 

Figure 17: Actual setup of the experimental setup 
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By effectively combining the processes of desiccant dehumidification, heat recovery, 

and traditional cooling methods, the hybrid air conditioning system using solid 

desiccants achieves efficient dehumidification and cooling while reducing energy 

consumption and minimizing reliance on refrigerants[58]. The continuous rotation of 

the desiccant wheel allows for a cyclical operation, ensuring a continuous supply of 

dehumidified and conditioned air to the desired indoor space. The system is selected 

for the standard room dimensions of 8ft by 6ft. The calculations for the designing 

parameters are done by using the NovelAire Simulator (Figure 18). This simulator gives 

the desired values of the desiccant wheel parameters by giving air input and output 

requirements The design parameters are given in the Table 1. The NovelAire Simulator 

gives the accurate results for the variables like temperature of inlet and regeneration air, 

wheel rotation, air volume flow rate etc.  

 

Figure 18: Screen shot for the NovelAire Simulator 
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Table 1. Design and modelling parameters 

Sr. 
No. 

Parameters Values 

Desiccant wheel parameters 

1 Wheel Length (m) 0.1 

2 Diameter of a wheel (m) 0.37 

3 Desiccant material Silica Gel 

4 Silica gel specific heat, (J/kgK) 921 

5 Silica gel thermal conductivity, (W/mK) 0.175 

6 Silica gel density, (kg/m3) 1129 

7 Radius of Pore, (m) 11*10-10  

8 Desiccant Volume (m3) 0.48 

9 Heater for regeneration (kw) 1.5 

10 Pitch of the flow passage, (m) 0.0032 

11 Rotation Speed (RPM) 10  

12 Height of the flow passage, (m) 0.0018 

Vapour compression system parameters 

Sr. 

No 
Input parameters Values 

1 Air Velocity (m/s) 2.8 

2 Air Temperature (deg. C) 30 

3 Mass of water vapour present (g/kg) 12 

4 Refrigerant used R22 

5 Air preheater (kw) 0.5 

6 Evaporator coils 
Forced evaporation bare 

type with fins. 

7 Fans 
2 Nos; 45 watts, 230 volts 

14000 rpm. 

8 Ducts (inlet and outlet) 0.45m * 0.45m*1.2m 

Measuring devices 

1 Temperature sensors RTD type 

2 Pressure gauges 
Vacuum and compound 

gauge 
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The construction of Rotary Desiccant Dehumidification System is very simple & 

compact. Basically, it is assembly of base frame wheel, motor and heating element. The 

complete diagram of the desiccant dehumidifier using desiccant wheel is given below 

as shown in Figure 19. The modelling of the setup is done in the AutoCAD software. 

 

Figure 19: CAD model of the desiccant dehumidifier system 

1. Casing of the dehumidifier system, 2. Regeneration heater, 3. Regeneration air input, 4. 

Conditioned air input, 5. Dehumidified air output, 6. Desiccant wheel, 7. Driving motor. 

3.1. Adsorption and desorption technique 

Desiccant regeneration can be achieved by various methods. The heat energy is 

used as input energy source in the regenerator of liquid desiccant cooling system; this 

heat can come from different sources such as solar, biomass waste heat, or other low-

grade energy source [3,55]. The researchers have worked on the different methods of 

regeneration time to time. Chih-Hao Chen et al [29], [59] worked on electrothermal 

regeneration technique. The actual use of heat energy for desiccant regeneration is only 

28.2%. The method is tested on zeolite and activated alumina by directly heating the 

adsorbent. Another method of regeneration is using compressed air Experimental 

results showed that the temperature uniformity and regeneration time of electrothermal 

adsorption unit dryers were twice and one-third that of the heated air-flow dryers.  

Regeneration using heat energy is the most common method used in desiccant wheel 
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dehumidification system. Processed air containing moisture will pass through 70 % area 

of desiccant wheel (process 1-2). The moisture saturated part of desiccant wheel come 

in the regeneration area. The ambient air is passed over heater to increase its 

temperature (process5-4). The direction of air flow can be parallel flow or counter flow, 

but most studies result in counter flow will give maximum efficiency [60]. Primary 

variables influencing desiccant wheel execution that are concentrated in this 

examination comprise of cycle and recovery bay air temperatures, stickiness 

proportions, and mass stream rates just as desiccant wheel speed [61]. The advantage 

of using heat regeneration system is that it is more efficient, convenient and consumes 

less energy. The disadvantage of this system is that the processed air while passing over 

the desiccant wheel, gets heated. There are more literatures are available on desiccant 

wheel dehumidifier 

In the proposed setup, the regeneration process will be done using external air pre 

heaters of 1.5 kw. The heaters wattage can be adjusted using voltage variation and 

accordingly the temperature of regeneration can be varied. The electricity provided to 

heater will be given with the help of solar reactivation in future work. Use of waste heat 

or solar energy are the energy saving methods for the heat assisted regeneration method. 

Some papers are referred for the study of development and construction of solid 

desiccant system based on solar thermal energy. Wheel thickness was found to be 

between 0.26 and 0.18 m for regeneration temperature between 60 and 90OC. The 

effective air flow rate was found to be between 1 and 5 kg/min for the range of 

temperature between 60 and 90OC, and the wheel speed range from 15 to 60 rev/h. 
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4. THERMAL ANALYSIS 

When the vapour pressure at the desiccant surface is lower than that of air; the desiccant 

attracts the moisture and, as the vapour pressure becomes higher it releases moisture. 

Desiccant wheel speed and regeneration to dehumidification area ratios are the 

important parameters which contributes mainly to the wheel efficiency. J. D. Chung et. 

al. [4]. have carried out simulation for simple desiccant wheel system.  

The specific humidity plays important role in the thermal analysis of the system. 

Specific humidity is the ratio of the mass of water vapour to the mass of dry air in the 

given volume of mixture. The specific humidity is a function of the partial pressure of 

water vapour only. Accordingly, if there is no change in specific humidity or moisture 

content of air, the partial pressure of water vapour also does not change.[62] 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 (𝑤) = 0.622
𝑃௩

𝑃 − 𝑃௩
 (1) 

Where P is pressure of dry air and Pv is vapour pressure. The vapour pressure is 

calculated using the Carrier equation [62]. 

𝑃௩ = 𝑃௩௦

(𝑃 − 𝑃௩)(𝑇ௗ௕ − 𝑇௪௕)1.8

2800 − 1.3(1.8𝑇ௗ௕ + 32)
 (2) 

Where Pvs is the saturation vapour pressure at the wet bulb temperature (Twb). The 

specific humidity of process air at inlet and outlet of dehumidifier is calculated from 

equation 1 and then change in specific humidity of air is 

∆𝑤 = 𝑤௜ − 𝑤௢ (3) 

Relative humidity (Φ) is defined as the ratio of the mass of water vapour (mv) in a 

certain volume of moist air at a given temperature to mvs the mass of water vapour (mvs) 

in the same volume of saturated air at the same temperature. Also, it is directly 

proportional to partial pressure of water vapour (Pv). The expression is 

∅ =
𝑚௩

𝑚௩௦
=

𝑃௩

𝑃௩௦
 (4) 

Enthalpy of moist air is given according to Gibbs law. Enthalpy of moist air is given by  

ℎ = ℎ௔ + 𝑤 ℎ௩ (5) 
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Where ha is the enthalpy of dry air and whv is the enthalpy of the water vapour in air. 

Considering the change in enthalpy of a perfect gas as a function of temperature only, 

the enthalpy of the dry air part, above a datum of 0°C, is expressed as 

ℎ௔ = 𝐶௣௔𝑇ௗ௕ (6) 

Again, taking the reference state enthalpy as zero for saturated liquid at 0°C, the 

enthalpy of the water vapour part at super-heated state is expressed as 

ℎ௩ = 𝐶௣௪𝑇ௗ௕ + (ℎ௙௚)ௗ௣ + 𝐶௣௩(𝑇௦ − 𝑇ௗ௣) (7) 

Dehumidification Effectiveness signifies the ratio between the real and ideal 

dehumidification capacity of desiccant wheel. It represents change in humidity ratio of 

process air to that of inlet humidity ratio of process air [44] 

𝜂ௗ௘௛ =
𝑤ଵ − 𝑤ଶ

𝑤ଵ
 (8) 

Adsorption rate (kg/hr): The rate of moisture extracted from air by the adsorption is 

given by  

𝐴𝑅 = 𝜌ଵ × 𝑉̇௣ × (𝑤ଵ − 𝑤ଶ) (9) 

Dehumidification coefficient of performance (DCOP) is the ratio of the latent heat 

which is contained in the adsorbed moisture and the effort to produce the high inlet 

temperature in the regeneration air[24], [44], [58].  

𝐷𝐶𝑂𝑃 =
𝜌ଵ × 𝑉̇௣ × (𝑤ଵ − 𝑤ଶ) × ∆ℎ௩௦

𝜌ଵ × 𝑉̇௥௘௚௡ × 𝐶௣ × (𝑇ସ − 𝑇ଵ)
 (10) 

The latent heat of vaporisation of water ∆ℎ௩௦ can be assessed by following empirical 

cubic function [58], [63], [64]. 

∆ℎ௩௦ = −0.614342 × 10ିସ × 𝑇ଵ
ଷ + 0.0158927 × 10ିଶ × 𝑇ଵ

ଶ

− 0.236418 × 10 × 𝑇ଵ + 0.250079 × 10ସ 
(11) 

Regeneration effectiveness represent the change in humidity ratio of regeneration air to 

that of inlet humidity ratio of regeneration air.  

𝜂௥௘௚ =
𝑤ଷ − 𝑤ସ

𝑤ସ
 (12) 
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Regeneration rate (kg/hr) is the rate of moisture added to air by the regeneration is given 

by [44], [58], [63] 

𝑅𝑅 = 𝜌ଵ × 𝑉̇௥௘௚ × (𝑤ଷ − 𝑤ସ) (13) 

Setup is built and primary readings are taken. For the readings purpose some 

assumptions are made for the further ease of calculation. The actual setup is shown in 

the figure 16. The desiccant dehumidifier is designed according to the requirements by 

the TECH-ADP industries, Pune. 

Assumptions. 

1. All the flow channels have uniform coating of the adsorbent silica gel are 

identical and sinusoidal. For simplicity it is divided into two equal sections: the 

dehumidification section and the regeneration section. 

2. It is assumed that the movement of the wheel is so slow that the rate of mass and 

energy variation due to air flow in the circumferential direction can be neglected. 

3. Heat conduction and mass diffusion in the gas side are negligible and only 

convective heat and mass transfer takes place in the gas. 

4. There are no radial or circumferential temperature or moisture content gradients 

in the matrix. 

5. The matrix’s thermodynamic properties and the mass and heat transfer 

coefficients are constant. 

6. The air flow is assumed to be purely axial in direction and laminar and the mass 

flow rate and velocity are constant for both the supply and regeneration streams. 
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4.1. Sample readings: 

Few sample readings are taken on the setup which are given in Table 1. The readings are taken for the process cooling and dehumidification process. The 

readings are taken to check the proper working of the setup and to check any faults are there. 

Table 2. Sample readings for cooling and dehumidification 
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sp. 
Hea

t 

Ent
halp

y 

Air 
flo
w 

rat
e 
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5. RESULTS AND DISCUSSION 

Data was recorded over a year from May 2022 to February 2023. The data represent 

the comparison between analytical analysis and experimental analysis of various 

parameters like dehumidification effectiveness, regeneration effectiveness and 

regeneration temperature.  

5.1. Variation of dehumidification effectiveness at various process air inlet 

velocity and at different process air inlet temperature in summer season 

with regeneration air velocity of 4.5m/s. 

The data is considered for 3 seasons summer, rainy and winter. The humidity in each 

season varies and hence the parameters associated with it also varies. The 

dehumidification effectiveness, regeneration effectiveness and regeneration 

temperature changes according to season. The dehumidification at same operating 

conditions is analysed using conventional vapour compression cycle also and is 

compared with the desiccant dehumidification system. The following results were 

obtained for various conditions using desiccant dehumidifier.  

  

a b 

Figure 20 a, b, c and d Figure 20: Variation of dehumidification effectiveness experimentally 

and theoretically for process air inlet velocity of a 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s.show 

the variation of dehumidification effectiveness with different process air inlet 

temperature at different process air velocities. The collection of the data is done in the 

summer condition where the process air inlet temperature is higher. It shows that the 

dehumidification effectiveness for experimental and theoretical arrangements 

decreases with increase in the process air inlet temperature. It is because at lower 
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ambient temperatures there is higher ambient relative humidity which leads to higher 

dehumidification effectiveness. So, at the inlet temperature of 37.2οC, the 

dehumidification effectiveness by both theoretical and analytical method is less i.e., 

0.0321578. It is so, as the process air inlet specific humidity of desiccant wheel also 

increases due to higher relative humidity, in presence of higher water vapour content in 

the process air, there is a major difference of vapour partial pressure between process 

air and the desiccant wheel which leads to higher diffusion of the water vapour droplets 

from process air to the desiccant material surface [44]. 

 

  

C d 

Figure 20: Variation of dehumidification effectiveness experimentally and theoretically for 
process air inlet velocity of a 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s. 

Thus, increase in specific humidity of process air inlet of desiccant wheel due to higher 

relative humidity causes increase in moisture cycled and increases the dehumidification 

effectiveness. Moreover, as the process air inlet temperature increases, partial pressure 

of water vapour in it gets decreased. Higher inlet temperature decreases the difference 

in partial pressure between matrix and moist air flowing through desiccant wheel. So, 

the equilibrium properties of the desiccant are more favourable for lower temperatures. 

Since the moisture attraction by the desiccant material from the process air is based on 

the difference in vapour pressure between desiccant material surface in channel and 

moist air flowing through it, thus ultimately the dehumidification effectiveness gets 

reduced at higher temperatures. Since the adsorption process inside dehumidifier is 

exothermic hence it is favoured by low temperature of moist process air for higher 

dehumidification effectiveness[58].  
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The graphs also show that at the higher process air velocity i.e., at 4.1m/s the 

dehumidification effectiveness is lower for both experimental and theoretical values. 

At the inlet air velocity of 1.5m/s the dehumidification effectiveness at temperature of 

23.6 οC is 0.19875. It is because the higher process air inlet velocity minimizes the 

contact time between desiccant surface and incoming process air. Thus, the lesser 

amount of water vapour is taken away by the desiccant material due to lower contact 

time which ultimately decreases the dehumidification effectiveness of the system at 

higher process air inlet velocity. The regeneration air velocity is 4.5m/s.  

5.2. Variation of regeneration effectiveness at various process air inlet velocity 

and at different process air inlet temperature in summer season with 

regeneration air velocity of 4.5m/s. 

Figure 21 a, b, c, and d show the variation of regeneration effectiveness with different 

process air inlet temperatures at different process air inlet velocities and at maximum 

(4.5 m/s) regeneration air inlet velocity. 

  

a b 
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c d 

Figure 21 Variation of regeneration effectiveness experimentally and theoretically for process 
air inlet velocity a 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

Figure 21 show the variation of regeneration effectiveness with different process air inlet 

temperatures at different process air inlet velocities and at maximum (4.5 m/s) 

regeneration air inlet velocity. It shows that for all process air inlet velocities (1.5, 2.6, 

3.3 and 4.1m/s), the value of regeneration effectiveness for experimental as well as for 

theoretical increases with increase in different process air inlet temperature. It is also 

observed that as the inlet air temperature increases the regeneration effectiveness also 

increases. It is so as the ambient temperature increases it also affects the regeneration 

temperature which also increases with leads which leads to increased removal of the 

moisture from desiccant field during regeneration phase. Thus, the regeneration 

effectiveness also increases with increase in the ambient temperature. The analysis done 

during the summer season. Where the ambient temperature of the air is high because of 

this the rate of regeneration is increased. As the rate of regeneration is increased the 

desiccant wheel gets regenerated quickly. As it releases its moisture content to the 

incoming regenerated air thus it further moves to adsorption sector where it further 

takes the moisture from the incoming processed air which ultimately increases the 

regeneration effectiveness of the system and hence at higher temperatures the 

regeneration effectiveness is high [58]. 

Figures 24,25,26 and 27 Also shows that for all the different process air inlet velocities 

the value of regeneration effectiveness at different process inlet temperatures is higher 

for theoretical analysis. For the desiccant air conditioning at 1.5 m/s processor inlet 

velocity and at maximum regeneration air Inlet velocity the value of regeneration 
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effectiveness Is high compared to the regeneration effectiveness at 4.1 m/s inlet air 

velocity. As the inlet air velocity increases the air stays in contact with the desiccant 

wheel for a shorter duration of time hence that’s why the regeneration effectiveness is 

less at the higher velocity of 4.1 m/s. The process air inlet velocity of 1.5 m/s the 

regeneration effectiveness is high which is 0.298765 at Inlet process air temperature of 

37.2 OC. At the same time for the process inlet air of velocity 4.1 m/s the regeneration 

effectiveness is 0.0878534 at the same inlet air temperature of 37.2 OC.  
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5.3. Variation of dehumidification effectiveness at various process air inlet 

velocity and at different process air inlet temperature in rainy season with 

regeneration air velocity of 4.5m/s. 

  

a b 

Figure 22 a, b, c, and d show the variation of dehumidification effectiveness with 

different process air inlet temperature at different process air inlet velocity and at 

regeneration air velocity of 4.5 m/s The value of dehumidification effectiveness for 

theoretical and practical analysis decreases with increase in the different process air 

inlet temperatures for all the different process air inlet velocities at regeneration air 

velocity of 4.5 m/s. The analysis is done in the rainy season so it can be observed that 

the dehumidification effectiveness value is 0.1626 3845 at the minimum temperature 

of 23.5 OC and process air inlet velocity of 1.5m/s. It is observed that the value of 

dehumidification effectiveness is very high compared to the value of dehumidification 

effectiveness in the summer season. This happens because in the rainy season the 

moisture content in the surrounding air is maximum and hence the dehumidification 

effectiveness in this rainy season is maximum. At the minimum velocity of 1.5 metre 

per second the contact point between the inlet process air and the dehumidifier wheel 

is maximum the air remains in the contact of the desiccant wheel at maximum time. 

That’s why it can be observed that at lower velocities and at a lower temperature of 

inlet process air the value of dehumidification effectiveness is maximum [58]. 
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c d 

Figure 22 Variation of dehumidification effectiveness experimentally and theoretically for 
process air inlet velocity of a 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

Figure 22 also shows that for experimental and analytical variation of dehumidification 

effectiveness with different processor inlet velocities and at the regeneration inlet air 

velocity of 4.5 metre per second and at different inlet temperatures of the process air. 

Moreover, as the process air inlet temperature increases partial pressure of water vapour 

in it gets decreases. Higher inlet temperature decreases the difference in partial pressure 

between matrix and moist air flowing through a decent wheel. So, the equilibrium 

properties of the desiccant are more favourable for lower temperatures. Since the 

adsorption process inside dehumidifier is exothermic hence it is favoured by low 

temperature of moist process air for higher dehumidification effectiveness. 

5.4. Variation of regeneration effectiveness at various process air inlet velocity 

and at different process air inlet temperature in rainy season with 

regeneration air velocity of 4.5m/s. 

Figure 23 a, b, c and d show the variation of regeneration effectiveness with different 

process air index temperatures at different process air index velocities and at 

regeneration in air inlet velocity of 4.5 m/s. Regeneration effectiveness for all the 

analysis increases with increasing different process air induct temperature for all 

different process air inlet velocities. It is so as the ambient temperature increases it also 

affects the regeneration temperature which also increases which leads to increased 
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removal of moisture from desiccant wheel during regeneration phase. Thus, the 

regeneration effectiveness also increases with increase in the ambient temperature. 

  

a b 

Figures also show that for all the arrangements the variation of regeneration 

effectiveness with different process air inlet velocities and at different processor inlet 

temperature the value of regeneration effectiveness increases with the decrease in the 

process air inlet velocity. It is because the lower process air inlet velocity maximises 

the contact time between the decision surface and incoming process here thus then this 

rotary decision surface moves to regeneration section where hot regenerated air takes 

the moisture from desiccant surface and hence regeneration effectiveness increases. 

  

c d 

Figure 23 Variation of regeneration effectiveness experimentally and theoretically for process 
air inlet velocity of a 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 
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Regeneration effectiveness of the system at 1.5 m/s of process air inlet velocity is 

theoretically 0.218756481 and experimentally 0.189741236 at the temperature of 

37.2OC. It is observed that the theoretical value and the experimental value both are 

nearly equal. At the process here inlet velocity of 4.1 m/s the value of regeneration 

effectiveness using theoretical method is 0.167046742 and experiment value of the 

same age 0.14879512 which is again the values of theoretical and experimental are 

same. It can be observed that as the process air velocity increases the regeneration 

effectiveness of the system decreases [58]. 

5.5. Variation of dehumidification effectiveness at various process air inlet 

velocity and at different process air inlet temperature in winter season with 

regeneration air velocity of 4.5m/s. 

Figure 24 a, b, c and d represent the variation of dehumidification effectiveness at 

various process air inlet velocities and at different process air inlet temperatures in 

winter season with regeneration air velocity of 4.5 m/s. 

  

a b 
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c d 

Figure 24 Variation of dehumidification effectiveness experimentally and theoretically for 
process air inlet velocity a 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

From the above figures it is observed that the values of dehumidification effect at the 

minimum temperature of inlet process air (23.6 OC) and at minimum velocity of inlet 

process air is 0.106176416. This value is very less if compared with the 

dehumidification effectiveness in the summer and rainy season. This happens because 

the humidity present in the atmosphere during the winter season is very less. This results 

in to less humidity adsorption rate in the winter season. As the velocity of the inlet 

process air increases up to 4.1m/s, the dehumidification effectiveness also reduces up 

to 0.054469227 (experimental value). The figure also shows that the experimental 

values of the dehumidification regeneration rate and experimental are nearly matching 

but the slope of the dehumidification effectiveness is very less. This is because the 

adsorption rate of the moisture on the desiccant wheel in winter season is very less.  

It is observed that, there is no much difference in the dehumidification effectiveness of 

the inlet process air at minimum temperature of 23.6OC and at maximum temperature 

of 37.2OC. As the humidity present in the air is minimum and the relative humidity is 

also less the moisture removal rate of the desiccant dehumidifier is less [44].  
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5.6. Variation of regeneration effectiveness at various process air inlet velocity 

and at different process air inlet temperature in winter season with 

regeneration air velocity of 4.5m/s. 

Figure 25 a, b, c, and d represent the variation of regeneration effectiveness at various 

process air velocities (1.5, 2.6, 3.3 and 4.1m/s) and at various inlet process air 

temperature in winter season at the regeneration air velocity of 4.5m/s. From the graphs 

it is observed that the regeneration effectiveness is maximum (0.238494733) at the 

higher temperature of the inlet process air (37.2 OC). This is because the moisture 

adsorption on the desiccant wheel is very less because of the winter season. This causes 

the removal of the adsorbed moisture at faster rate and at lower temperature of the 

regeneration air. As the high temperature regeneration air passes over the desiccant 

wheel, the regeneration of the desiccant wheel takes place at faster rate as the difference 

of the vapour pressure in the air and on the surface of the desiccant wheel is less.  

  

a b 
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c d 

Figure 25 Variation of regeneration effectiveness experimentally and theoretically for process 
air inlet velocity of a 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

When the ambient relative humidity is lower, the specific humidity of the process air 

inlet to the desiccant wheel also decreases. Specific humidity refers to the actual amount 

of moisture present in the air, regardless of temperature. With lower specific humidity, 

the vapor pressure of water in the air is reduced. 

5.7. Variation of adsorption rate at various process air inlet velocity and at 

different process air inlet temperature with regeneration air velocity of 

4.5m/s in summer season. 

Figure 44,45,46, and 47 represent the variation of adsorption rate at various process air 

inlet velocity and at various process air inlet temperature with regeneration velocity of 

4.5m/s. High ambient temperature leads to high ambient relative humidity as the 

moisture retention capacity of the ambient air is high. The adsorption process is 

exothermic hence low temperature air have high adsorption rate. This causes the 

decrease of adsorption rate in summer season compared to in rainy and winter season.  
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a b 

Figure 26 a, b, c, and d represent that the adsorption rate of the desiccant wheel decreases 

with increase in the inlet process air temperature. At the inlet process air velocity of 

1.5m/s the experimental value of adsorption rate of the system is 0.14362kg/hr at the 

inlet process air temperature of 37.2 OC. Lower temperature provides higher presence 

of water vapour content in the process air, due to which there is a major difference of 

vapour partial pressure between process air and desiccant material surface and this 

creates a higher diffusion of the water vapour droplets from the air to the surface.  

  

c d 

Figure 26 Variation of adsorption rate experimentally and theoretically for process air inlet 
velocity of 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 
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Figure 26 also show that the adsorption rate of the system is high as the process air inlet 

velocity increases. At the process air velocity of 4.1m/s, the adsorption capacity of the 

system is 0.300974kg/hr at the process air inlet temperature of 23.6OC. As with increase 

in the process air inlet velocity, there is increase in process air mass flow rate also which 

provides desiccant wheel with more humid air of which moisture should be removed 

and thus ultimately increases adsorption rate (kg/hr) [58] 

5.8. Variation of adsorption rate at various process air inlet velocity and at 

different process air inlet temperature with regeneration air velocity of 

4.5m/s in rainy season. 

The rainy season is the season where the most of the specific humidity present in the 

air and the dehumidification effect is also at higher level. This can cause the increase 

in the adsorption rate of the system. Figure 27 a, b, c and d represent the variation of the 

adsorption rate at various process air inlet velocity and at different process air inlet 

temperature with regeneration air velocity of 4.5m/s in rainy season. 

 

  

a b 
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c d 

Figure 27 Variation of adsorption rate experimentally and theoretically for process air inlet 
velocity of 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

It is observed that at higher temperature of inlet process air (37.2OC), the relative 

humidity is on the lower side which provide lower specific humidity and thus it results 

in the lower adsorption rate of the system. It is because, as the process air inlet specific 

humidity of desiccant wheel decreases it decreases air vapour pressure and adsorption 

potential and thus ultimately decreases the adsorption rate (kg/hr) [58].  

5.9. Variation of adsorption rate at various process air inlet velocity and at 

different process air inlet temperature with regeneration air velocity of 

4.5m/s in winter season. 

In winter, the relative humidity generally decreases compared to other seasons. Cold 

air has a lower capacity to hold water vapor, so the amount of water in the air is usually 

less in winter. However, it is important to note that the actual relative humidity levels 

can vary depending on various factors such as location and weather conditions. For 

Pune weather conditions the relative humidity in winter condition is less. Figure 28 a, b, 

c, and d represent the variation of adsorption rate at various process air inlet velocity 

and at different process air inlet temperature with regeneration air velocity of 4.5m/s.  
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a b 

  

c d 

Figure 28 Variation of adsorption rate experimentally and theoretically for process air inlet 
velocity of 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

The experimental and theoretical results show that the adsorption rate decreases with 

increase in the process air inlet temperature. Also, the value of adsorption rate increases 

with increase in the process air velocity[24]. 
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5.10. Variation of dehumidification coefficient of performance at various 

process air inlet velocity and at different process air inlet temperature 

with regeneration air velocity of 4.5m/s for summer, rainy and winter 

season. 

Figure 29 a, b, c and d show the variation of Dehumidification Coefficient Of 

Performance (DCOP) at various process air inlet velocity and at different process air 

inlet temperature with regeneration air velocity of 4.5 metre per second for summer 

rainy and winter season. It shows that for all the different process air inlet velocities 

that is 1.5, 2.6, 3.3, and 4.1 m/s the value of dehumidification cop for all the three 

seasons that is winter, rainy, and summer decreases with increase in the different 

process air inlet temperatures. It can be observed that the increase in the process air 

temperature causes decrease in dehumidification COP. It is so the adsorption process is 

exothermic, so favoured by low temperatures. In fact, lower temperature provides 

higher presence of moisture content in the process air, due to which there is a large 

difference of vapour partial pressure between process air and desiccant material surface 

and this creates a higher diffusion of the water vapour droplets from the air to the 

desiccant material surface [44]. Because of the higher regeneration temperature in the 

regeneration sector the desiccant material gets earlier regenerated as it releases its water 

vapour to the incoming regenerated air. Thus, it further moves to the adsorption sector 

where it further adsorbs the moisture from the incoming process air which ultimately 

increases the DCOP of the system.  

  

a b 
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c d 

Figure 29 Variation of adsorption rate experimentally and theoretically for process air inlet 
velocity of 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

It is clear that for all the three cases the value of dehumidification COP increases with 

the increase in the process air inlet velocities. As with increase in the processor inlet 

velocity there is increase in process air mass flow rate Also which provides desiccant 

wheel with more humid air of which moisture should be removed and thus ultimately 

increases dehumidification COP. 

5.11. Variation of regeneration rate at various process air inlet velocity and at 

different process air inlet temperature with regeneration air velocity of 

4.5m/s for summer, rainy and winter season. 

Figure 30 a, b, c, and d show variation of regeneration rate at various process air inlet 

velocity and at different process air inlet temperature with regeneration air velocity of 

4.5m/s for summer rainy and winter season. The value of regeneration rate for all 3 

seasons increases with increase in temperature. It is so, as the ambient temperature 

increases it also affects the regeneration temperature which also increases which leads 

to increased removal of the moisture from desiccant wheel during regeneration phase. 

Thus, the regeneration rate also increases with increase in the ambient temperature 
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c d 

Figure 30 Variation of regeneration rate experimentally and theoretically for process air inlet 
velocity of 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 

Figures also show that for all the three arrangements the variation of regeneration rate 

with different process air inlet velocities and at 4.5 m/s regeneration air inlet velocity 

at different process air inlet temperatures. It is clear that for all the three cases, the value 

of regeneration rate increases with the decrease in the process air inlet velocities. It is 

because the lower process air inlet velocity maximizes the contact time between 

desiccant surface and incoming process air. Thus, then this rotary desiccant surface 
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moves to regeneration sector where hot regenerated air takes the moisture from 

desiccant surface and hence regeneration rate increases 

5.12. Variation of vapour compression cycle coefficient of performance 

(VCCOP) at various process air inlet velocity and at different process air 

inlet temperature with regeneration air velocity of 4.5m/s. 

Figure 60, 61,62 and 63 show the variation of vapour compression cycle coefficient of 

performance (VCCOP) at various process air inlet velocity and at different process air 

inlet temperature with regeneration air velocity of 4.5m/s.  

  

a b 

  

c d 

Figure 31 Variation of VCCOP rate experimentally and theoretically for process air inlet 
velocity of 1.5m/s, b 2.6m/s, c 3.3m/s and d 4.1m/s 
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It shows that for all the different process air inlet velocities, the value of VCCOP for 

all the three arrangements decreases with increase in the different process air inlet 

temperatures. It is because as the ambient temperature increases the rate of heat transfer 

from the condenser decreases. With increase in ambient temperature the air-cooled 

condenser is also affected and also gets less cooled and which increases the load of the 

vapour compression refrigeration system. Thus, due to this effect, less heat is absorbed 

by refrigerant from the air at the evaporator which ultimately decreases VCOP. It is 

clear that for all the three cases, the value of VCOP decreases with the increase in the 

process air inlet velocities [58].  
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6. CONCLUSION 

In conclusion, the testing conducted on the desiccant dehumidifier provided valuable 

insights into its performance and efficiency under different conditions. The results 

clearly indicate that there is a trade-off between moisture removal capacity and energy 

consumption. As the moisture removal capacity of the system increases, the energy 

consumption also increases. This relationship highlights the need to carefully balance 

the desired moisture removal with the associated energy costs. High energy 

consumption leads to a decrease in the efficiency of the system, which is an important 

consideration for practical applications. 

Furthermore, the effect of the process air flow rate on the mass of moisture removed 

was also evaluated. The results demonstrate an inverse relationship, indicating that as 

the mass of process air flow increases, the amount of moisture removed decreases. This 

suggests that slower air flow rates result in a higher mass removal rate for the system. 

Additionally, the results emphasize the interdependency of energy consumption and 

system efficiency. As the energy consumption increases, the efficiency of the system 

decreases. This finding highlights the need for energy-efficient designs and operational 

strategies to optimize the performance of the desiccant dehumidifier. 

A key thrust in this work has been given to solid desiccant air conditioning unit because 

of its benefits of having lesser restoration temperatures, more manoeuvrability, and its 

ability to be driven by solar energy. It was concluded that optimum conditions of 

performance parameters are identified for the effective working of conventional and 

hybrid desiccant air conditioning systems under the different operating states, which 

are as follows: 

6.1. Refrigerating Effect 

Decreases with increase in the different process air inlet temperatures at all the different 

process air inlet velocities for air conditioning system and all the three seasons with 

desiccant wheel at 4.5 m/s regeneration air inlet velocity. Thus, to increase refrigerating 

effect process air inlet temperature should be low. to increase refrigerating effect air 

inlet velocity should be low in both the sectors. To increase the refrigerating effect 

regeneration temperature should be high. 
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6.2. Vapour Compression Coefficient of Performance 

Decreases with increase in the different process air inlet temperatures at all the different 

process air inlet velocities for air conditioning system and all the three seasons with 

desiccant wheel at 4.5 m/s regeneration air inlet velocity. Thus, to increase VCCOP 

process air inlet temperature should be low. to increase VCCOP air inlet velocity should 

be low in both the sectors. To increase the VCCOP regeneration temperature should be 

high. Decreases with decrease in the different process air inlet humidity ratios at all the 

different process air inlet velocities for air conditioning system and all the three seasons 

with desiccant wheel at 4.5 m/s regeneration air inlet velocity. Thus, to increase VCOP 

process air inlet humidity ratio should be high. 

6.3. Dehumidification Effectiveness 

Decreases with increase in the different process air inlet temperatures for all the 

different process air inlet velocities and at 4.5 m/s regeneration air inlet velocity. Thus, 

to increase dehumidification effectiveness process air inlet temperature should be low. 

to increase dehumidification effectiveness air inlet velocity should be low in both the 

sectors. To increase the dehumidification effectiveness regeneration temperature 

should be high. Dehumidification effectiveness decreases with a decrease in process air 

inlet humidity ratios at all the different process air inlet velocities for all the three 

seasons with desiccant wheel at 4.5 m/s regeneration air inlet velocity. 

6.4. Adsorption Rate 

Decreases with increase in the different process air inlet temperatures for all the 

different process air inlet velocities and at 4.5 m/s regeneration air inlet velocity. Thus, 

to increase adsorption rate (kg/hr) process air inlet temperature should be low. to 

increase adsorption rate (kg/hr) air inlet velocity should be high in adsorption sector 

and low in the regeneration sector. To increase the adsorption rate (kg/hr) regeneration 

temperature should be high. Adsorption rate (kg/hr) decreases with a decrease in 

process air inlet humidity ratios at all the different process air inlet velocities for all the 

three seasons with desiccant wheel at 4.5 m/s regeneration air inlet velocity. 

6.5. Dehumidification Coefficient of Performance 

Decreases with increase in the different process air inlet temperatures for all the 

different process air inlet velocities and at 4.5 m/s regeneration air inlet velocity. Thus, 

to increase dehumidification COP process air inlet temperature should be low. To 

increase dehumidification COP air inlet velocity should be high in adsorption sector 
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and low in the regeneration sector. To increase the dehumidification COP regeneration 

temperature should be high. Dehumidification COP decreases with a decrease in 

process air inlet humidity ratios at all the different process air inlet velocities for all the 

three seasons with desiccant wheel at 4.5 m/s regeneration air inlet velocity. 

6.6. Regeneration Effectiveness 

Increases with increase in the different process air inlet temperatures for all the different 

process air inlet velocities and at 4.5 m/s regeneration air inlet velocity. Thus, to 

increase regeneration effectiveness process air inlet temperature should be high. to 

increase regeneration effectiveness air inlet velocity should be low in adsorption and 

regeneration sector. To increase the regeneration effectiveness regeneration 

temperature should be high. Regeneration effectiveness increases with a decrease in 

process air inlet humidity ratios at all the different process air inlet velocities for all the 

three seasons with desiccant wheel at 4.5 m/s regeneration air inlet velocity. 

6.7. Regeneration Rate 

Increases with increase in the different process air inlet temperatures for all the different 

process air inlet velocities and at 4.5 m/s regeneration air inlet velocity. Thus, to 

increase regeneration rate (kg/hr) process air inlet temperature should be high.to 

increase regeneration rate (kg/hr) air inlet velocity should be low in adsorption sector 

and high in regeneration sector. To increase the regeneration rate (kg/hr) regeneration 

temperature should be high. Regeneration rate (kg/hr) increases with a decrease in 

process air inlet humidity ratios at all the different process air inlet velocities for all the 

three seasons with desiccant wheel at 4.5 m/s regeneration air inlet velocity. 
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