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Abstract  

In many industries presence of moisture in compressed air poses a potential threat and can 

cause damage to equipment. To remove moisture, desiccant based dehumidification can be 

considered a green alternative that is not dependent on the conventional dehumidification 

systems which are dependent on CFCs. One such desiccant based dehumidification system 

is the heatless desiccant air dryer; however, its efficiency and the performance is dependent 

on the type of desiccant used. In this work, the most commonly used solid desiccants such 

as silica gel, activated alumina, Molecular Sieve 4A and Molecular Sieve 13x and its 

heterogeneous mixtures’ performance as a desiccant in the heatless air dryer is investigated. 

The investigation revealed that Molecular Sieve 13x when used individually in the heatless 

dryer gave the maximum moisture removal rate of 54.63 gm/hr and an effectiveness of 80% 

compared to the other desiccants investigated. While silica gel gave the least moisture 

removal rate at 22.51 gm/hr with an effectiveness of 47.18%. The research provides a road 

map for selection of the appropriate desiccant based on the need of moisture removal 

required by any industry. The experimental work is validated by the artificial neural network 

developed using neural designer with input parameters such as dry bulb temperature, wet 

bulb temperature and relative humidity. The output predicted the removal rate of moisture 

and effectiveness of the dryer which showed good agreement with the experimental results. 

The heat of adsorption released during the adsorption process is also investigated for each 

case. It is found that the towers do not over heat and a maximum temperature gradient 

recorded across the adsorption tower was 6℃, which suggests that external cooling to 

enhance the adsorption process is not essential in a heatless air dryer. 
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CHAPTER – 1 

Introduction 

The increase in ozone depletion and global warming potential is a cause of concern to all of 

mankind. It is extremely essential that efforts must be made to reduce the global warming 

effect. One of the contributors to ozone depletion are CFCs which are used in conventional 

refrigeration and air conditioning equipment. Researchers are constantly trying to find 

alternatives to these CFC dependent technologies. One such domain of refrigeration which 

has gained substantial attention in the past decade is that of dehumidification of air. 

Dehumidified air is essential in many industries such as pharmaceutical, printing press, 

textiles, painting and food preservation which are some of them.  In pneumatics, the presence 

of vaporized water in compressed air systems will hasten the initiation of corrosion, which 

may then block the circulating tubing and lessen process effectiveness. Additionally, the life 

span of sensitive equipment will be shortened by suspended water vapour, requiring frequent 

and expensive replacements. Air can be dehumidified by use of desiccants which are a 

greener alternative to the conventional VCR systems which are dependent on CFCs.  

Desiccant based dehumidification can be achieved by use of solid or liquid desiccants. The 

commonly used solid desiccants are silica gel, activated alumina, molecular sieves while 

commonly used liquid desiccants are calcium chloride, lithium bromide, and lithium 

chloride. Solid desiccants are preferred over liquid desiccants as they do not pose the hazard 

of carryover in the process air stream and are not corrosive in nature. Dehumidification in 

an air stream using solid desiccants is achieved through the principle of adsorption. 

1.1 Principle of adsorption 

Adsorption is the process of retaining one substance inside another through physical bonding 

on the complex network of inner surface. A film of adsorbate is formed on the surface of the 

adsorbents even though the desiccants won't chemically interact. It is an exothermic process 

because when the water vapour is adsorbed, heat energy is released. As can be seen in 

Figure1.1, it involves contacting a liquid or vapour with a packed column, allowing the 

contaminating or unwanted species to rest in the column, and allowing the continuous vapour 
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or liquid to pass through the column. The packed column could be stationary or moving in 

the opposite direction. Thermal or other methods can be used to replenish the adsorbed bed. 

Adsorption is mainly a transitory phenomenon. 

Desiccant material can be regenerated by low grade heat sources like solar energy, waste 

heat, natural gas etc. Desiccants, broadly classified as solid and liquid desiccants, have the 

property of extracting and retaining moisture from air brought into contact with them. By 

using either type, moisture in the air is removed and the resulting dry air can be used for air-

conditioning or drying purposes[1] When solid desiccant is employed, the desiccant 

dehumidification system consist of slowly rotating desiccant wheel of adsorbent bed. In 

liquid desiccant based dehumidification liquid desiccant is brought in contact with the moist 

air stream[2]  

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. 1 Desiccant dehumidification and cooling principle [2] 

1.2 Desiccant Materials 

A desiccant is a material that has a strong attraction for water vapor. It may be classified into 

many ways e.g., solid or liquid desiccants, physisorption or chemisorption desiccants, 

natural or artificial desiccants, bio or rock-based desiccants, composite and polymer-based 

desiccants etc. The term physisorption or chemisorption reflects the strength of the bond 

between the adsorbate and adsorbent. The removal of water vapors from the air is normally 

considered as physisorption because of low bond strength between adsorbate and adsorbent 
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[3]Both solid and liquid desiccants are commonly used in industrial applications where low 

dew-point air is needed.  Solid desiccants are also increasingly being used in HVAC systems 

to either increase an air conditioner’s latent cooling or recover total energy from the building 

exhaust. The strength of a desiccant can be measured by its equilibrium vapor pressure (i.e., 

pressure of water vapor that is in equilibrium with the desiccant).  This equilibrium vapor 

pressure increases roughly exponentially with the temperature of the desiccant/water system.  

It also increases as the desiccant absorbs water (a dilute liquid desiccant will have a higher 

equilibrium vapor pressure than a concentrated liquid desiccant)[4] 

 

FIGURE 1. 2 Relationship between vapor pressure and water content in dehumidification 

process[5] 

 

The driving force for mass transfer is the surface vapor pressure difference as depicted in 

Figure 1.2[5]. Desiccants have the property of extracting and retaining moisture from the air 

brought into contact with them. For dehumidification to occur, the vapor pressure of water 

above the desiccant solution must be lower than the partial pressure of water in the air. In 

other words, the driving force for dehumidification is the difference of the partial pressure 

of water in the air and the vapor pressure of water above the desiccant solution. Hence, the 

performance of a desiccant can be measured by its vapor pressure. The lower the vapor 

pressure, the better a desiccant performs [1]. 
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1.3 Liquid Desiccants  

In order to be suitable for use in HVAC systems, a liquid desiccant must be non-corrosive 

and non-volatile. LiCl, LiBr, CaCl2, and triethylene glycol (TEG) are the types of liquid 

desiccants that are utilised in industrial settings the most frequently. Although it has the 

lowest vapour pressure and is the most stable liquid desiccant, the cost of LiCl is quite high 

[6]. Using LiCl in conjunction with CaCl2, which is not only easily accessible but also the 

most cost-effective desiccant, is a solution to the problem of LiCl's high cost. Because of the 

qualities it possesses. Lithium chloride is the most stable liquid desiccant and has a 

considerable dehydration concentration, which ranges from 30% to 45%, however the cost 

of lithium chloride is very high. It is anticipated that lithium chloride will have a drying 

effect on the air, lowering the relative humidity to as low as 15%. 

The downside of using calcium chloride as a desiccant is that it can be unstable depending 

on the air inlet conditions and the concentration of the desiccant in the solution. Nonetheless, 

calcium chloride is the most readily accessible and reasonably inexpensive desiccant. The 

two substances can be blended in a variety of proportions to achieve the desired effects of 

stabilizing calcium chloride and reducing the high cost of lithium chloride [1].To improve 

the characteristics of a single desiccant material such as to improve its absorption capability 

and to lower its regeneration temperature, a number of composite desiccant materials have 

been developed [6].  

 

FIGURE 1. 3 The basic functioning of an air-conditioning system that uses liquid desiccant 

[5] 

In a liquid desiccant air-conditioning system as seen in Figure1.3 concentrated liquid 

desiccant from the regenerator comes to the dehumidifier, after being cooled by the diluted 

desiccant from dehumidifier in the inter-stage heat exchanger; The concentrated desiccant is 
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mixed with the desiccant in the tank of dehumidifier, then pumped into the cooling water 

heat exchanger, and finally sprayed into the packing and contacts the processed air; The 

diluted desiccant from dehumidifier then comes to the regenerator to be re-concentrated. The 

liquid desiccant includes organic desiccant, such as TEG solution, and inorganic salt 

solutions, such as LiBr solution, LiCl solution, and CaCl2 solution. TEG solution is the 

earliest solution utilised in LDAS. However, TEG solution is gradually replaced by some 

salt aqueous solutions, such as LiBr solution and LiCl solution, as the organic ingredient 

may evaporate into the processed air. Compared with organic liquid desiccants, salt solutions 

(LiBr, LiCl or CaCl2 solution) won't vaporize into air under ambient conditions[5] 

The desiccant dehumidifier is considered the most important component of a liquid desiccant 

cooling system, which is almost often an adiabatic type or an inner cooled system. A high 

flow rate is necessary for the adiabatic kind of dehumidifier in order to ensure that the surface 

is thoroughly wetted, which prevents desiccant carry over. Using a dehumidifier that has its 

own internal cooling system is one way to get around the issue of required high flow rates 

and carry over. A rotary type of liquid desiccant dehumidifier was proposed so that there 

would be a lower pressure drop and no desiccant carry over. This dehumidifier would use a 

porous medium, such as thick cloth, to transport the desiccant solution inside of a rotor disc. 

This would allow for a lower pressure drop. Possibility to mitigate the corrosive effects of a 

desiccant by operating the dehumidifier and the regenerator at a very low flow rate for the 

desiccant were investigated. Continuous cooling of the desiccant in the dehumidifier is found 

to be essential for the system to operate at these low flow rates. This has been accomplished 

by a large number of researchers who have proposed various configurations of inner cooled 

dehumidifiers in order to meet this requirement. In order to solve the issue of droplet 

carryover, an innovative type of liquid–air membrane heat and mass exchanger in a counter 

flow arrangement was suggested for use as a dehumidifier because of the superior 

performance it offers. In addition, the development of a multistage membrane-based liquid 

desiccant dehumidifier would be the next step in the evolution of systems for liquid desiccant 

dehumidification. The performance of the desiccant dehumidifier is heavily dependent on 

the choice of packing material, as well as the arrangement of that material and the flow 

pattern that it creates. Further research needs to be done in the field in order to build and 

define liquid desiccant cooling systems that are capable of replacing traditional air 

conditioners in a comfortable manner [6]. 
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A simplified model of a packed bed regeneration process in which the desiccant solution is 

heated in any of the two ways. With method A, the desiccant solution is heated in a heat 

exchanger with a fluid (water) heated by any low-grade thermal energy such as solar energy 

or waste heat sources. While in method B, the desiccant solution is heated by a conventional 

energy source such as a line heater. The adapted simplified model shows very good 

agreement with the experimental results available in the literature. With method B, the 

desiccant is heated by a conventional energy source and it is found that the water evaporation 

rate increases with the heat input and as the scavenging air flow rate increases the 

regeneration rate decreases [7]. 

Fu and Liu, [5] discussed the safety of liquid desiccant dehumidification due to the carryover 

of liquid desiccant. A review of the impact of liquid desiccant dehumidification on IAQ was 

conducted. It summarizes the research achievements related to the VOCs removal capability 

of liquid desiccant solution from indoor air. The deactivation effect of liquid desiccant 

solution on bacteria and virus was studied. 

Misha et al., [8] observed that desiccant system in drying application has several advantages 

including continuous drying even during off-sunshine hours, increased drying rate due to hot 

and dry air, more uniform drying, and increased product quality especially for heat-sensitive 

products. The use of heat to regenerate desiccant material in a drying system was noted to 

have limitations in energy saving. Therefore, the desiccant material with low regeneration 

temperature is preferred. 

Giampieri et al., [9]presented an overview which was intended to be a starting point in the 

determination of viable alternatives to halide salts solutions as working fluid, being able to 

overcome their main drawbacks, such as corrosion and crystallization issues. Towards this 

direction, ionic liquids seem to be a promising solution. Their employment in absorption 

technologies has been largely described in the past and seems feasible in liquid desiccant 

air-conditioning systems. The characteristics of low-vapour pressure, low density and 

viscosity, high solubility and non-corrosion to metals make this fluid an important and 

promising candidate for employment in the system that needs to be further investigated to 

get the best out of LDAC technology. 

In general, using liquid desiccant in the construction of a dryer is more complicated than 

using solid desiccant because handling solid desiccant material is easier. Solid desiccant 
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systems are normally in the form of stationary or rotary wheel beds for packing the desiccant 

materials [8]. 

1.4 Solid Desiccants  

The adsorption of water vapour from the surrounding air is the fundamental operating 

mechanism of solid desiccant cooling systems. When the air that is being processed moves 

through the desiccant material, solid desiccant materials induce a pressure drop in the air. A 

revolving desiccant wheel is used in a solid desiccant cooling system. This wheel is 

responsible for removing moisture from the ventilated or recirculated process air. After that, 

the temperature of this process air that has been dried is decreased even more to the 

conditions that are wanted for the space by using sensible heat exchangers and cooling coils. 

In order to keep the system operating normally, the amount of water vapour that was 

absorbed by the rotating desiccant wheel must be driven out of the desiccant material. This 

allows the material to become sufficiently dry, which is what is meant by the term 

"regenerated," so that it can once again adsorb water vapour during the subsequent cycle. 

This is accomplished by heating the desiccant material to the temperature of regeneration, 

which varies with the type of desiccant that is being utilized. The rotary desiccant wheel 

receives the energy it needs to regenerate from a regeneration heat source, which could be 

an electrical heater, solar heat, or waste heat [10] Various solid desiccants are commercially 

available and are being used for different applications of solid desiccant systems. They are 

as discussed below: 

1.4.1 Silica Gel 

Silica gel is a naturally occurring material that is non-toxic, odorless, and commonly 

produced into beads. It has a porosity of more than 70% of its surface area and can reach 

650 m2/g, with pore sizes ranging from 2 -3 nm (type A) to 0.7 nm (type B) with a heat 

absorption capability of roughly 2800 kJ/ kg. [3]Silica gel adsorbs water quickly and its 

retention capacity is high, whereas micro porous silica gel absorbs water slowly. To 

eliminate moisture from silica gel, a temperature of 90° to 150°C is usually required for 

regeneration. Singh et al., [11] Sultan et al., [3]Because of its thermal stability and better 

water vapour adsorption capacity than other desiccants, silica gel is the most commonly 

utilised desiccant material in commercial units [12]. 
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1.4.2 Activated Alumina 

Dehydroxylating aluminum hydroxide produces activated alumina, which has a larger 

surface area. It has a surface area of 150–500m2/g, pore diameters ranging from 1.5 to 6 nm, 

and an adsorption heat of almost 3000kJ/kg . It's been used for desiccant dehumidification 

several times and produces interesting result [3]The temperature and duration of the thermal 

process, as well as the gases utilised to produce alumina, can influence its structural features 

[11] 

1.4.3 Molecular Sieve  

Molecular Sieves, also known as synthetic zeolite, have a high moisture adsorption capacity 

and are thus used for various moisture removal and air conditioning applications. It is a 

crystalline material of aluminum silicate which is capable of separating molecules of 

different sizes by sorption. Molecular Sieve materials are used exclusively for the 

dehumidification of air to a very low level of humidity and extremely low dew points of 

about -40 °C to -60 °C. For the same reason, the Molecular Sieve has a better sorption 

capacity at higher temperatures than other sorbents[3] .The use of zeolite made from fly ash 

for solar cooling applications has demonstrated to be very promising. Composite desiccants 

are made up of synthetic zeolite and silica gel, and they have good adsorption properties in 

both low and high relative humidity, allowing for thorough dehumidification. Clinoptilolite, 

a natural zeolite, was used to study water sorption, although the amount of dehumidification 

was found to be smaller than that of silica gel and alumina. It's also thought that zeolite might 

only be considered for water sorption applications if it's economical[2] Molecular Sieves are 

classified on the basis of the pore size. Some of the commonly used Molecular Sieves are 

follows: 

1.4.3 Molecular Sieve - 3A  

The pore size of a 3A sieve is 3 angstrom. It can't adsorb anything bigger than 3A molecules. 

The potassium version of the type A crystal structure, Molecular Sieve, is an alkali metal 

alumino-silicate. 3A Molecular Sieve is typically used to remove moisture from liquid or 

gaseous materials. It has established itself as one of the most dependable desiccants for a 

variety of applications.  
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1.4.4 Molecular Sieve - 4A 

The pore size of a 4A Molecular Sieve is 4 Å or 4angstrom. Any molecule greater than 4A, 

it does not adsorb. The sodium forms of the type A crystal structure are 4angstroms. The 

main application of a Molecular Sieve is to remove moisture from liquid and gaseous 

materials. 

1.4.5 Molecular Sieve - 5A 

The pore size of a 5A Molecular Sieve is 5 Å. It can't adsorb anything less than 5 Å 

molecules. Alkali aluminosilicates in the calcium form of Type A crystal structure make up 

this Molecular Sieve. Separation of normal and isomerous alkanes, co-adsorption of carbon 

dioxide and moisture, and pressure swing adsorption (PSA) for gases are the most common 

applications. 

1.4.6 Molecular Sieve - 13X  

The pore size of 13x Molecular Sieves is about 10 Å. This is a much larger opening than any 

of the A type openings. Because it delivers synchronized absorption for bi-molecule and tri-

molecule, this desiccant is widely utilised for gas and liquid refining. It has the ability to co-

adsorb CO2 and H2O, as well as H2O and H2S. 13x Molecular Sieves have also been used as 

a desiccant in medical applications, compressors, and as a catalyze carrier in air conditioners 

[2]   

 

1.5 Desirable properties of Desiccant 

• The solid desiccants must have large surface area for high capacity and high mass 

transfer rate. 

• They must possess a high bulk density and activity for the components to be removed.  

• They must be easily and economically regenerated.  

• The resistance to gas flow through the desiccant bed must be small to have low pressure 
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drop since the unit cost is sensitive to pressure drop.  

• They should have high mechanical strength to resist crushing and dust formation. 

• They must be fairly cheap, non-corrosive, non-toxic, and chemically inert.  

• There should be no appreciable change in volume during adsorption and desorption, and 

should retain strength when wet. 

It is possible to draw the conclusion that no single desiccant possesses all of the ideal features 

that are desired; however, it is necessary to choose the desiccant that is the most suitable for 

the application. The vast majority of researchers have worked on applications based on 

desiccant wheels, with silica gel being the desiccant of choice in most cases. despite the fact 

that only a small percentage of people have investigated the packed bed desiccant 

dehumidification device. On the heatless air dyer-based applications, which are employed 

for compressed air dehumidification, there is scant literature available. Hence a systematic 

study is conducted in the next chapter to understand the technological advancements in the 

field of solid desiccant-based dehumidification system. In order to investigate the many 

technological breakthroughs that have been made in the sector of solid desiccant 

dehumidification. Laying emphasis on the amount of work done utilizing desiccant wheel as 

well as the number of possibilities for study, in the field of packed bed. 

 

  



 

11 

 

CHAPTER -2  

Literature Review 

2.1 Introduction 

As a result of the aforementioned factors in the previous chapter, an exhaustive literature 

analysis is provided in this article to emphasize the technological developments that have 

been made in the sector of solid desiccant dehumidification. A literature review is presented 

for the utilization of solid desiccants in desiccant wheels, packed beds, heat pumps, as well 

as the utilization of solar energy and electro osmosis for regeneration, which carries good 

potential for development, and the application of artificial neural networks in solid desiccant 

based technologies. This evaluation acts as a detailed road map that identifies the research 

gap as well as the goals of the study that was carried out for this thesis. 

2.2 Desiccant based Dehumidification technologies 

Dehumidification with the help of solid desiccants has gained much attention in the past 

decade. Researchers have used different techniques to utilize solid desiccants in order to 

dehumidify process air. Application of desiccant wheel, packed bed to dehumidify air were 

found to be the most popular choice. Innovations in utilizing solid desiccants coupled with 

heat pump and use of electroosmosis for regeneration have also caught the attention of many. 

Potential of regeneration of solid desiccants by using solar energy has been quite successful. 

Researchers have used artificial neural network to predict the effectiveness of 

dehumidification caused by solid desiccants. Many have carried out exergy analysis for solid 

desiccants. A detailed literature review conducted below reveals the advancements achieved 

in these above segments of desiccant based dehumidification.   

2.2.1 Desiccant Wheel  

In desiccant systems, the sensible load is accomplished by direct and/or indirect evaporative 

coolers, while the latent load is accomplished by the desiccant itself. There are two separate 
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airflows present in desiccant cooling systems. As can be seen in Figure 2.1, the first stream 

is the process air that is brought into the conditioned space, and the second stream is the 

activation air that is utilised to regenerate the desiccant material[13] 

A desiccant wheel has been the subject of a number of researches that have been carried out 

by a variety of researchers in an effort to improve dehumidification [14]. A method for 

determining the system's feasible operating range under a predetermined set of comfort 

parameters was offered using a case study of a solar desiccant air conditioning system. 

Panaras et al., [15] emphasized the significance of the values of air flow rate and regeneration 

temperature in not only determining the size of the desiccant system but also the size of the 

thermal energy system and the degree of energy efficiency. 

 

 

FIGURE 2. 1 The air conditioning system is based on desiccant wheels [13] 

Eicker et al., [16] found that the rotation speed that is ideal for lithium chloride or compound 

rotors is lower than the rotation speed that is ideal for silica gel rotors. Greater regeneration 

air temperatures lead to increased dehumidification potentials at almost the same level of 

dehumidification efficiency. This is because rising regeneration specific heat input and 

process air enthalpy fluctuations cause regeneration air temperatures to rise. The 

dehumidification potential is increased by low relative humidities, and the degree to which 

regeneration air humidity played a role was substantial. The data also show that even though 
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there is not a significant impact on the dehumidification efficiency and that both the specific 

regeneration heat input and the latent heat change of the process air drop, the 

dehumidification capacity increases as the water content of the ambient air rises. This is the 

case even though the specific regeneration heat input and the latent heat change of the 

process air drop. 

In vapor-compression cooling systems, passive desiccant wheels are often employed as an 

energy-saving method to relieve the cooling coil of the burden of controlling the humidity 

of the ventilation air stream from the outside. Active desiccant wheels, on the other hand, 

are designed to stimulate full dehumidification of external ventilation air. This, in turn, 

frequently makes it possible to employ an evaporative cooler, which not only provides a 

visible cooling effect but also uses only water as the refrigerant. It was discovered that during 

the process of passive dehumidification, heat transfer and mass transfer have opposing 

effects on the enthalpy recovery. As a result, the efficiency of the enthalpy recovery is not 

affected by the conditions of the atmosphere. When it comes to active dehumidification, it 

has been shown that heat transfer and mass transfer have interactions that are favourable to 

one another. Specifically, the dehumidification capacity increases with the regeneration 

temperature until the maximum dehumidification capacity is reached. The research 

demonstrates that silica gel is capable of effectively dehumidifying the air even at 

temperatures below its reactivation point. This paves the way for the system to be powered 

by solar energy or low-grade waste heat  

Angrisani et al., [17] emphasized that it is widely known that the rotational speed of the 

desiccant wheel is an important factor: if the wheel turns too rapidly, the desiccant material 

won't have enough time to remove the moisture; on the other hand, if it rotates too slowly, 

saturation may occur. As a consequence of this, there ought to be a perfect spinning speed 

that, depending on the operational conditions, ensures the highest possible performance in 

terms of dehumidification. It is important to choose desiccant wheels that have a high 

dehumidification performance and a sufficiently low outlet temperature in order to reduce 

the cooling load that is placed on the cooling device. This is especially important if a 

conventional vapour compression chiller is used, which is typically the case in high humidity 

climates. The rate at which the desiccant wheel rotates is another factor that influences the 

temperature of the process air as it emerges from the wheel.  The authors presented through 

experimental tests how the performance of a silica gel desiccant wheel is affected by the 
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spinning speed of the wheel. The adsorbent material was regenerated using thermal energy 

of up to 65°C.  

Guidara et al., [18] created a design for a solar air conditioner in which a heat exchanger and 

humidifier are primarily used to assure cooling function. Also, a modelling analysis is 

described in depth for each part of the solar air conditioning unit. According to the simulation 

study, three modes of operation are represented by three different climate cases: relatively 

chilly and humid for Bizerte, hot and dry for Remada, and finally moderate for Djerba. The 

findings demonstrate that the solar air conditioning system can meet comparable needs 

satisfactorily, and the conditioned air produced in each mode of operation can ensure that 

office workers are in comfortable surroundings. 

Narayan et al.,[19] found primary disadvantage of conventional desiccant wheels is the 

overheating of the desiccant material and supply air during dehumidification. As a result, 

less moisture can be drawn out of the air and the partial pressure of water on the desiccant 

material increases. A non-adiabatic desiccant wheel design has been looked upon to solve 

this issue. With alternative pathways for dehumidification and indirect cooling of the 

dehumidification process, this innovative wheel includes an internal heat transfer structure.  

Guan et al., [20]   suggested to use two-stage desiccant wheels in an unique desiccant wheel 

dehumidification and preheating system (DWDP) for blast furnaces. The trial results show 

that the DWDP's capacity to remove moisture may increase to 8.7 g/kg, which will increase 

steel production by 0.9% and save 2100 tonnes of coal annually. The DWDP would reduce 

energy usage by the cooling tower's slag flushing water by 7.3%.  

Intini et al., [21] using the experimental data, created a one-dimensional, time-dependent 

numerical model and calibrated with root mean square deviations for the temperature and 

humidity ratio of the process exit of 0.99 °C and 0.66 g/kg, respectively. The maximum 

moisture removal capacity can only be reached with an equal area split, and higher process 

area ratios only increase latent cooling in the high regeneration temperature range. 

Additionally, moisture removal efficiency was found to be strongly correlated with inlet 

humidity ratio and only weakly correlated with process inlet temperature. 

Misha et al., [22]with low sun radiation, kenaf core fiber was dried using a solid desiccant 

dryer with solar assistance. Through the employment of a heat exchanger and a solar 

collector, heat was transferred from the water to the air. After dehumidification, the hot air 
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was used to regenerate the desiccant wheel and raise the temperature of the process air. The 

drying chamber receives hot, dry air from the desiccant wheel system as a heat source. For 

comparison, drying outside in the sun was also done simultaneously. When compared to 

open sun drying, the drying time with this system was cut in half by 24%, from 20.75 hours 

to 15.75 hours, because the dryer system allows the drying to continue even when there is 

no sunlight. Dryer efficiency is around 12% at average solar radiation of 394 W/m2. 

Tu et al., [23] analyzed the effectiveness of desiccant cooling and dehumidification systems. 

Six different types of systems (systems A-F) were examined based on theoretical research 

as the system went from being reversible to being irreversible, drastically decreasing 

performance. System E, which includes a desiccant wheel, heat recovery exchanger, and 

single-stage heat pump, exemplifies the relatively high performance requirements that real-

world systems can reach. System E has a COP and exergy efficiency of 5.0 and 18.3% under 

optimal circumstances of operation.  

Jani et al., [24]  found after passing through the rotating desiccant dehumidifier, the humidity 

ratio of the process air drops from 18.5(g/kg dry air) to 7.10(g/kg dry air), allowing the 

system to function well even in hot and humid climates. Thus, the low dew point temperature 

of the evaporator cooling coil and subsequent warming are unnecessary when a desiccant 

dehumidifier is used as part of a hybrid cooling system to drastically reduce latent load. 

Jani et al., [25] built an ANN (artificial neural network) model in order to foretell the cooling 

capacity, power input, and COP (coefficient of performance) of a solid desiccant vapour 

compression hybrid air-conditioning system. The majority of the data from the experiments 

were utilised to train the ANN model, while the remaining 20% were used to test the model. 

A strong connection (R>0.988) between the ANN model's anticipated outputs and actual 

system performance was found.  

Misha et al., [26] used a solar-powered, solid desiccant dryer to dry crushed oil palm fronds. 

The solar collector heated the water, and then the water was used to heat the air via two heat 

exchangers. Drying air after dehumidification is heated using the hot air to facilitate 

desiccant wheel regeneration. Sun drying took around 30 hours and forty minutes to reduce 

the moisture content of crushed oil palm fronds from 69% to 29%. With a sensible and latent 

effectiveness of 74% and 67%, respectively, the desiccant wheel helped to improve drying 

air quality. Because solar energy was employed as the principal energy source, the 
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combination of desiccant and solar dryer resulted in better drying air condition, enhanced 

drying performance, and spent low electrical energy. 

Tu et al.,[23] explored the efficiency of ventilation systems that employed desiccant wheel 

cooling. Suggestions were provided for effective system design based on the inherent 

influencing variables for exergy destructions of heat and mass transmission and heat sources. 

This is because the heat pump's exergy destruction was much lower than the exergy 

destruction of the heat source in the basic ventilation system and the first system, resulting 

to a significant increase in COP and exergy efficiency. 

Zendehboudi.,[27] developed a novel hybrid model, which is based on least squares support 

vector machine (LSSVM) and genetic algorithm, and is able to accurately predict the 

dehumidification efficiency (gdeh), moisture removal capacity (MRC), and sensible energy 

ratio (SER) for Silica Gel (WSG) and Molecular Sieve (LT3) materials under varying suction 

conditions. These three metrics are: dehumidification efficiency (gdeh), moisture removal 

capacity (MRC), and sensible energy ratio (SER) (GA). With an MAE of less than 0.23, an 

R2 of better than 0.994, and an MSE of less than 0.072, the results showed that combining 

LSSVM with GA is an effective strategy for DW prediction. This was demonstrated by the 

fact that R2 was greater than 0.994. 

Fong and Lee [28]  stated that (Desiccant Cooling System) DCS could only be used with 

high-quality renewable energy or waste heat sources. As the DCS benefited from a solid 

desiccant wheel spinning at a high speed in conjunction with a sensible heat exchanger 

because it could not rely on regeneration heat. The desiccant wheel, sensible heat exchanger, 

and regenerative air evaporative cooler should all be operated at moderate speeds by the 

DCS when regeneration heat is present. Results showed that the performance coefficient 

dropped along with the regeneration temperature in this case. In addition, it was found that 

the regeneration temperature should be greater than 60 ℃; otherwise, the DCS would 

perform much worse than it does without regeneration heat.  

Fong and Lee [29] studied the various adsorbent characteristics and how they influence the 

performance of the desiccant wheel. Because different wheels have different physical 

properties, the results of the measurements will not be representative of the only influence 

that the adsorbents have on the situation. The relative effectiveness of desiccant wheels 

loaded with RD silica gel (SG), AQSOA-Z02, and CECA-3A was evaluated with the help 
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of computer simulations, and the results were compared with one another. The adsorption 

isotherms show that AQSOA-Z02 had a higher capacity for dehumidification. In general, 

the SG-based desiccant wheel will have better performances than other wheels due to its 

lower heat of adsorption. The CECA-3A ranked 29th among all dehumidifiers that were 

evaluated due to its limited capacity to absorb moisture. 

Goodarzia et al.,[30] conducted analysis of the effects of air humidity ratio, regeneration 

process and air process temperatures, mass flow rates, and wheel revolution on the 

performance of a solid desiccant wheel.  

Jani et al., [31] demonstrated that ANNs can be used to more accurately predict the efficiency 

of solid desiccant cooling systems. Air streamflow rates, temperature and humidity ratios, 

pressure drop, dehumidifier efficiency, cooling capacity, regeneration temperature, power 

input, coefficient of performance, and a number of other input and output parameters were 

used to test the trained ANN model's ability to predict the system's performance.  

Narayan [32] investigated the rotor structure which was covered with the desiccant 

substance. The matrix has many channels that run parallel to the rotational axis of the wheel. 

Typically, a sinusoidal form is used for the desiccant wheel's flow path. There is a 

considerable improvement in dehumidification efficiency between channels with triangular, 

sinusoidal, and rectangular cross sections and those with hexagonal, circular, and square 

cross sections. The triangular channel is the most effective, followed by the 2:1 aspect ratio 

sinusoidal channel and the rectangular channel. Jani et al., [33] demonstrated and addressed 

the energy savings potential of solar-powered desiccant cooling methods when compared to 

traditional cooling systems that rely on vapour compression. When compared to traditional 

vapour compression cooling, solid desiccant integrated hybrid cooling systems were 

preferred due to their superiority as a cheap and environmentally friendly alternative. 

Jani et al., [34] built the TRNSYS simulation studio project, in order to simulate the desiccant 

dehumidifier linked vapour compression hybrid system in its various configurations during 

the summer season. Moreover, experimental measurements were taken to see how different 

settings affect the system's efficiency. Based on the data collected, it was clear that the 

suggested system successfully reduced process air humidity at the dehumidifier exit without 

compromising the conditioned space's ambiance. The cooling system's efficiency was 

measured using an experimental test rig in the heat of summer. Dehumidifier performance 
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is discovered to be significantly impacted by the regeneration temperature of the heat source 

used to restart the device. Tu et al., [35] discovered dehumidifier performance is to be 

significantly impacted by the regeneration temperature of the heat source. Zendehboudi et 

al., [36] presented the results of an experimental investigation into the performance of six 

desiccant wheels made up of silica gel and Molecular Sieve desiccants and measuring 44 

cm, 55 cm, and 77 cm in diameter. Regeneration temperature, volume flow rate, and, rotation 

speed were investigated as factors of process outlet temperature, dehumidification 

efficiency, moisture removal capacity, sensible energy ratio, and regeneration specific heat 

input for a variety of wheel diameters and materials.  

It was discovered that the proposed Hybrid-ANFIS model had better predictability than the 

GA-LSSVM, validating the Hybrid-ANFIS technique as a straightforward method that could 

be readily included into dynamic simulation tools for the enhancement of desiccant cooling 

system management. Zhou et al., [37] created a new type of desiccant wheel—one with a 

tube-shell and an internal water-cooling system—and evaluated its effectiveness. With not 

more than two desiccant layers inside the heat-exchanger tubes, they were able to 

demonstrate isothermal dehumidification. There was less heat transmission from the air in 

the innermost layers to the cooling water as the number of layers increased. Air outlet 

humidity and temperature were reduced as a result of lower cooling water inlet temperatures. 

2.2.2 Solar Energy Assisted Desiccant Based Dehumidification.  

Guidara et al., [18] designed a solar air conditioner that can reliably chill an indoor space 

with the help of a humidifier and a heat exchanger. Also, a comprehensive modelling 

analysis was provided for every facet of the solar air conditioner.  

Misha et al.,[22] found that even with low solar radiation, the drying kinetics of kenaf core 

fiber utilising a solar-assisted solid desiccant dryer is superior to open sun drying. Because 

of the electric heater and constant air flow, drying can proceed even when the sun isn't out. 

The sample on the five random trays dried to a final moisture content below 18% in two 

days, indicating that the drying process was homogeneous throughout the drying chamber. 

Misha et al., [26] found using a solar-assisted solid desiccant dryer has a faster drying 

kinetics for crushed oil palm fronds than drying them in the open sun. It takes about 30 hours 

and forty minutes of drying time in the open sun to bring the product's moisture level down 
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from 69% to 29%. There is an about 64 percent, 44 percent, and 33 percent reduction in 

drying time for items in the first, second, and third columns of the solar dryer, respectively, 

when compared to drying in the open sun.  

Wang et al.,[38] found using a DCHE (desiccant coated heat exchanger) and a regenerative 

evaporative cooler, this paper seeks to verify the efficacy of a unique self-cooled solid 

desiccant cooling system. As part of the dehumidification process, the system pumps some 

of the air from the desiccant-coated heat exchanger's inlet into an evaporative cooler. In 

comparison to the solid desiccant coated heat exchanger system, the SDCHE (self-cooled 

solid desiccant coated heat exchanger) system is found to have a higher thermal coefficient 

of performance COP, and a higher moisture removal capacity. 

2.2.3 Artificial Neural Network assisted Solid Desiccant-Based    

Technology 

Because of high accuracy and short computing time, an approach of ANN prediction can be 

very useful to simulate the performance of solid desiccant cooling systems at different 

operating conditions by conducting limited number of experimental tests instead of 

comprehensive testing study or developing a complicated mathematical model with 

enormous engineering efforts. The mathematical approach requires a large number of 

geometrical parameters defining the system, which may not be readily available and their 

predictions may not be sufficiently accurate in many cases. As an alternative, use of ANN 

requires less effort, time and cost to model the system. So, ANN allows modeling of physical 

phenomena in complex systems without requiring explicit mathematical representations or 

without requiring exhaustive and costlier experiments. The cited literature in this review 

confirmed that artificial neural network can be successfully used to predict performance of 

solid desiccant cooling systems with acceptable accuracy[31]. 

To estimate the performance of a rotary desiccant dehumidifier under varying conditions of 

the process air inlet, an artificial neural network (ANN) model was built. Tests are also 

carried out with the purpose of determining the effectiveness of the desiccant wheel, and the 

outcomes of the tests are utilised as target data in the training of the ANN model. The results 

of experimental testing and the performance predictions made by ANN were compared, and 

it was found that there was a close agreement between the two sets of data[25]. 



 

20 

 

2.2.4 Solid Desiccant Composite Based Technology 

The potential (>2.0 g/g) of the composite was found to be 5–7 times better than that of 

standard silica gel, demonstrating its outstanding ability to dehumidify air. Strong and 

possessing all the hallmarks of a perfect desiccant, the solid composite stands out for its 

increased adsorption capacity, low regeneration temperature, and eco-friendly 

composition[39]. 

A variety of silica gel-LiCl composite desiccant coated aluminum sheets were manufactured 

and examined for their impact on a number of critical parameters in this paper. The usage of 

composite desiccant in the DCHE system was found to increase its dehumidification 

capability[40] 

2.2.5 Heat Pump Assisted Solid Desiccant Based Technology 

Jiang et al., [41] proposed a system, which integrates an innovative solid desiccant heat pump 

with a conventional variable refrigerant flow air conditioning system (VRF). Evaluation of 

how well workers did in a number of different types of office settings was analysed. 

Nie et al.,[42] presented a theoretical model for estimating the VOC elimination and energy 

performance of a unique heat pump aided solid desiccant cooling system (HP-SDC). The 

heat pump supplied sensible cooling and regeneration heat for the desiccant rotor, which was 

utilised for dehumidification and cleansing the indoor air. The findings also indicated that 

the HP-SDC was an effective means of removing airborne pollutants and an attractive, 

energy-saving ventilation option. 

Tu et al.,[43] presented a novel form of processor, which consisted of a heat pump and square 

desiccant plates for the purpose of dehumidifying outside air using solid desiccant. The 

cooling capability of the heat pump was utilised to chill the air that had been treated, and the 

heat from the heat pump's exhaust was reused to evaporate moisture from the desiccant. 

Tu et al.,[44] studied a heat pump-powered, multi-stage fresh air handler that makes use of 

solid desiccant plates. There were four distinct modes that can be used to control this system, 

each of which is responsive to the relative humidity and temperature of the outside air. In 

this paper, we focus on the system's operation in solid desiccant dehumidification mode, 

which achieves the desired supply air humidity ratio with reduced power consumption by 
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varying the number of activated stages in response to changes in the temperature and 

humidity of the incoming process air. 

2.2.6 Exergy Analysis For Solid Desiccant 

Lior & Al-Sharqawi [45] studied the water vapour adsorption in a desiccant-air stream 

system and analysed it in terms of exergy for laminar humid air flow over a desiccant flat 

bed with constant and variable characteristics, in a desiccant-lined channel, and for turbulent 

humid air flow in such a channel for varied turbulence intensities. The investigation revealed 

the amount of exergy that was wasted during the adsorption process as well as any associated 

heat and mass transfer procedures.  

Tu et al., [23] investigated the efficiency of desiccant cooling and dehumidification systems 

to see how well they perform. As a result of theoretical research, an investigation into six 

distinct types of systems (systems A-F) was carried out as the system transitioned from being 

reversible to being irreversible, which caused the system's performance to significantly 

degrade. Under the same operational conditions, the COP and exergy efficiency of the 

proposed heat pump-driven system were equal to 5.01 and 18.0%, respectively. These values 

were determined using the same system E's schematic and performance parameters. 

Tu et al., [46] studied the efficiency of ventilation systems that employ desiccant wheel 

cooling from the perspective of exergy destructions. Provide some recommendations for the 

efficient design of systems based on the intrinsic factors that influence exergy destructions, 

heat and mass transmission, and heat sources. 

2.2.7 Electro-Osmosis Regeneration for Solid Desiccant 

Li et al., [47] presented an original method for solid desiccant regeneration that is predicated 

on electro-osmosis (EO), and investigated the possibility of using it in heating, ventilation, 

and air conditioning (HVAC), specifically in the dehumidification process that occurs in air 

conditioning systems. When compared to the conventional air conditioning system and 

taking into account the many different configurations of the air handling process, the data 

that was collected during the experiments indicate that the energy consumption of the EO 

integrated air conditioning system reduced by an average of 23.3% compared to the 

conventional air conditioning system. 
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Qi et al., [48] investigated the viability and performance of a one-of-a-kind electro-osmotic 

regeneration method for the solid desiccant system. This method can simultaneously absorb 

water from humid air and be regenerated by the electro-osmotic force. The purpose of this 

study was to use extensive experimental validation to look into the effectiveness and 

performance of this method. The results of the experiments show that the technology has the 

ability to achieve both low regeneration temperatures and significant energy savings. Hence, 

electro-osmotic regeneration should be considered a real possibility for the replenishment of 

solid desiccant systems. 

It has been demonstrated that regeneration of the solid desiccant through the use of electro-

osmotic methods offers a number of advantages, some of which include independence from 

a heat source, decreased energy consumption, and a basic design. Past studies have revealed 

that the significant Joule heating effect and electrode corrosion severely limit its 

performance. As a result, additional work needs to be done in order to bring it up to snuff so 

that it may be utilised in applications that are employed in the real world. They carried out a 

large number of tests and investigations, and the results showed that utilising platinum-plated 

titanium mesh as the anode extended the working lifetime from six hours to more than one 

hundred and twenty hours, while at the same time greatly reducing the Joule heating impact 

[49]. 

2.2.8 Packed Bed Desiccant Based Dehumidification Systems 

Owing to the difference in the vapour pressure between the humid air and the solid desiccant 

surface, the process of desiccant-based dehumidification and physical adsorption results in 

the transfer of water vapour from the humid air onto the solid desiccant surface. Packed beds, 

rotating horizontal beds, many vertical beds, rotating honeycomb, fluidized beds, inclined 

beds, and rotational desiccant wheels are all examples of the various types of solid desiccant 

systems that are used for dehumidification and air treatment [50]. Reactors, separators, 

dryers, filters, and heat exchangers are just few of the many applications that packed beds 

for gas-solid interaction find widespread use in across many industries. In most cases, they 

take the form of vertical tubes that are cylindrical in shape and contain adsorbent particles 

that are held in place and packed closely but randomly in order to facilitate fluid-solid 

contact. They offer a high ratio of solid surface area to volume, and on a macroscale, the 

packed adsorbent particle behaves as a porous medium. The packed bed system is relatively 
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free from mechanical concerns, which makes it an attractive choice for adsorption 

operations. Its straightforward design and accessibility of a wealth of accumulated design 

and operating knowledge contribute to this free-from-problems status. 

Yeboah and Darkwa [50] conducted a comprehensive assessment of the literature on the 

subject of water vapour adsorption in packed beds and the elements that influence it. It was 

clear that the packing structure had a major impact on the physics of fluid motion and 

transport. It was also mentioned that the energy efficiency of any solid desiccant 

dehumidification system is negatively impacted by the heat of adsorption created during the 

adsorption of water vapour in a packed bed of adsorbent particles. This is because it does 

not make the adsorption process isothermal and alters the exit process airstream humidity 

ratio, both of which increase the cooling load on the sensible heat exchanger and, in turn, 

the amount of energy needed for regeneration and desorption. In order to make the 

adsorption process isothermal, several scientists experimented with different methods of 

cooling or dissipating the heat from packed beds.  

The experimental performance of a solid packed bed desiccant system that was paired with 

an R407C vapour compression refrigeration air conditioning system was tested and 

evaluated. Desiccant systems were shown to operate in two different modes: 

dehumidification and regeneration. The variables that were taken into consideration were 

the desiccant load, the air mass flow rate, the shelf count, and the shelf span. By conducting 

an analysis of the data it was found that a desiccant-enhanced vapor-compression 

refrigeration system utilizes fewer electrical units and consumes 10.2 percent less electricity 

than conventional systems. It was observed that a hybrid system's coefficient of performance 

does not considerably change by the amount of desiccant that is used in the system. The 

amount of time that the system was able to operate with a low load and draw a low quantity 

of electricity increased by 54% when the mass of the desiccant was increased from 5 kg to 

10 kg. It was noted that after only ten minutes of operation, there was a 37% increase in the 

adsorption rate. It was observed that increasing the air mass flow rate from 7.4 to 10.2 kg/min 

was one way to reduce the saturation time in the dehumidification mode by 39%, also lead 

to increase in the adsorption rate by 67% after 3 hours of operation, reduced the regeneration 

time by 87.5%, and increased the desorption rate by 16% after 10 minutes of operation. Other 

benefits of this change included shortening of  the regeneration time by 87.5% and increasing 

the desorption rate by 16% after 10 minutes of operation [51]. 
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Zouaoui et al.,[13] emphasized the capabilities of the desiccant cooling system to operate 

well and to function as a supplement to the vapour compression system, the evaporative 

cooling system, and the chilled-ceiling system. Consideration was given to the desiccant 

cooling system's viability as well as its potential financial benefits. It was found that 

desiccant system could be regarded as an environmentally benign method of air conditioning 

because the working fluid that is employed is a natural working fluid. Research and 

modelling were conducted on a number of different desiccant cooling systems, some of 

which also included direct and/or indirect humidification. The sensible load in these systems 

was handled by the direct and/or indirect humidification, while the latent load was handled 

by the desiccant system. The process of adsorption was completed using a vertical 

cylindrical bed that was packed with grains of silica gel. This bed operated without the use 

of a motor, which eliminated the potential for electrical and mechanical issues, as well as the 

noise that would be produced by a rotary desiccant wheel that was powered by a motor.  

A. Ramzy et al., [52] presented an intercooled packed bed as a means of improving the 

utilisation of desiccant material within the bed's trailing layers as seen in Figure 2.2. Because 

of the heat that is generated during adsorption, the desiccant material that is in the trailing 

layers of packed beds is not utilised to its full potential.  

 

FIGURE 2. 2 (a) Conventional packed beds and (b) intercooled packed beds make up the 

physical model of a silica gel bed operating in adsorption mode [52]. 
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The effect of the heat of adsorption can be eliminated by intercooling the desiccant bed, 

which also results in an increase in the consumption of the desiccant material. The optimal 

site for the intercooler, yc/Lb, is located at 0.45 yc/Lb 0.65 for bed lengths ranging from 0.05 

to 1 m. This is the location at which the total adsorbed mass is at its greatest, indicating that 

it is the optimal location. It has been discovered that the operating conditions might 

determine the optimal bed length as well as the location of the intercooler. In the scenario 

that was investigated, 0.4 meters is the ideal bed length, and 0.5 meters is the ideal placement 

for the intercooler. 

A.K. Ramzy et al., [53]  carried out experimental testing for the thermal swing adsorption 

(TSA) cycle utilizing two packed beds of silica gel spherical particles as shown in Figure 

2.3. These tests were successful. The mathematical model known as the pseudo gas side 

controlled (PGC) model was presented for the purpose of predicting the cycle performance. 

 

FIGURE 2. 3 Schematic showing the flow of a two-desiccant vertical packed bed 

dehumidifier [53]. 

The effect of various operational and design parameters of the TSA cycle that utilises two 

thermally isolated vertical packed beds of silica gel were explored numerically. The 

influencing parameters on cycle performance that were taken into consideration were the 

length of the desiccant bed (L), the temperature of the regeneration air (Ta,Reg), the 

temperature of the process air (Ta,Deh), and the airflow velocity (vDeh and vReg). 
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Ramzy K. et al., [53] investigated a new desiccant composite particle, in which the unutilised 

portion of the spherical desiccant particle was replaced with an inert particle, is proposed. 

By replacing the conventional particles with composite particles for the same mass of 

desiccant material, the available area for heat and mass transfer increases and more amount 

of desiccant material is effectively utilised as can be seen in Figure 2.4. 

 

FIGURE 2. 4 a) Typical silica gel particle. b) Suggested silica gel composite particle [54]. 

 

After analysing the intra-particle water content profiles, the researchers discovered that 

composite silica gel particles provided greater utilisation of the desiccant material than their 

standard counterparts did when ordinary silica gel particles were used in place of them. 

 

Shelpuk, [54]  stated that it was reasonable to project that desiccant systems will make an 

increasing and significant penetration into the market for building air conditioning for the 

remainder of this decade, given the environmental concerns that call for reductions in CFC 

and greenhouse gases as well as the increasing cost of building the large central electrical 

generation plants required for an increasingly air conditioned society. Another factor that 

will hasten the development and commercialization of desiccant systems is the growing 

awareness of the importance of maintaining a high level of indoor air quality in buildings. 

 

San et al., [55]  The modelling of the heat and mass transmission in a silica gel packed bed 

uses three distinct sets of solid-side mass diffusivity in an individual capacity as depicted in 

Figure 2.5 In order to mitigate the cyclical changes in moisture content, the packed bed is 

positioned at the system's discharge point after the fixed-bed dehumidification unit. 
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FIGURE 2. 5 A dehumidification system that utilizes a fixed bed and a moisture damper 

[56]. 

Pesarant and Mills, [56]  carried out tests in order to obtain the transient reaction of a thin 

adiabatic packed bed of silica gel following a step change in the conditions of the air that 

enters the bed as shown in Figure 2.6. Comparisons were done with predictions utilising a 

solid-side resistance model and a pseudo-gas-side controlled model, and it was determined 

that the former model had a superior level of agreement. 

 

FIGURE 2. 6 A test-based setup[57]  
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Baghapour et al., [57]  An experimental and modelling inquiry on the pressure drop inside 

the adsorption packed beds is carried out in this particular piece of research. In order to 

determine the pressure drop at varying bed sizes and airflow rates, a specialized apparatus 

for conducting experiments has been developed. The calculation of the pressure drop in a 

cylindrical packed bed with laminar, steady-state, axisymmetric, and fully-developed 

macroscopic fluid flow distributions was made possible with the use of a novel analytical 

model that was provided. The analytical model was modified to include both the Laplacian 

friction and the inertial effect. The influence of both factors on the pressure drop experienced 

within packed beds was examined. It was determined that when the pressure drop increased, 

the difference between the pressure drop of the dry particle and the pressure drop of the wet 

particle became insignificant. 

Gandhidasan et al., [58]  This study presented the design analysis of a two-tower silica gel 

dehydration unit as shown in Figure 2.7 that is intended to dry one million standard m3 of 

natural gas each day. The implications of various operating parameters on the design of the 

unit are also explored in this research. 

 

FIGURE 2. 7 Schematic of a two-tower solid desiccant dehydrator[58]. 

The packed bed desiccant based dehumidification system using external heat for 

regeneration was presented and investigated.  
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2.3 Literature review summary 

 

FIGURE 2. 8  Plot depicting extent of research done in various domains of solid desiccant 

dehumidification. 

 

According to Figure 2.8, it is abundantly clear that solid desiccant-based dehumidification 

is becoming increasingly popular and attracting the attention of a large number of researchers 

to help in the process of dehumidification. Desiccant wheel was used by most researchers in 

their work while use of packed beds for dehumidification was relatively less explored. Use 

of solid desiccant in applications such as heat pump, electro osmosis is also observed. 

Utilization of solar energy in hybrid desiccant dehumidification also displays good potential. 

The foregoing literature analysis makes it quite evident, however, that the majority of the 

work that has been done has been done using a desiccant wheel. Nonetheless, packed bed 

desiccant dehumidification presents a substantial opportunity for further research and 

application of the technology. Which, in comparison to the desiccant wheel, consists mostly 

of unexplored areas. As a result, a comprehensive analysis of recent developments involving 

packed bed solid desiccant dehumidification is carried out. In order to have an understanding 

of its breadth and the possibilities for growth within it. 
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2.4 Research Gap 

 By conducting an in-depth literature review with the goal of understanding the scale of 

potential of applying and utilising solid desiccants in various technologies, particularly for 

dehumidification, the following research gap was discovered as a result of the study.  

• Packed bed due to absence of moving part holds great potential for dehumidification, 

however was relatively less explored in comparison to desiccant wheel by 

researchers. 

• Most researchers did not address the area of dehumidification of compressed air 

using solid desiccants  

• Packed bed desiccant systems were mostly coupled with heater, giving room for 

investigation of heatless dryers  

• Silica gel was the most used desiccant by most researchers in their experimental 

work, hence use of other desiccants in heatless air dryers was not addressed by any 

researcher. 

• No desiccant can be termed ideal desiccant, a proper investigation for any particular 

application needs to be carried out separately. 

• To the best of the author's knowledge, there is currently no literature on the selection 

of solid desiccants for the application of a heatless air dryer that has been located. 

• The research that had previously been conducted on heatless dryers was scant and 

did not investigate the use of any desiccants other than silica gel. 

• Because there is not a lot of published research on the different desiccants that are 

used in heatless air dryers, there is potentially a blind spot for additional research in 

both academia and industry. 

• As there is a dearth of literature on investigation of solid desiccant used in heatless 

air dryer, availability of the relevant data will help researchers, designers and the 

industry to make the appropriate choice of desiccant as per the application. 

The research gap identified serves as a clear road map for further investigation and objective 

of the experimental work which is stated as under. 
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2.5 Objective and scope of work 

After carrying out a detailed literature study and understanding the potential for research on 

solid desiccants used in heatless air dryer, the following research objectives and scope of 

work have been considered as the main focus of the present  study. 

2.6 Research objectives 

The objective of the current work is to investigate the utilization of various solid desiccants 

in heatless air dryer. Make a comparative analysis of the different solid desiccants used in 

the heatless dryer.  

The above objective consists of the following sub-objectives: 

1. Investigate the effect of performance parameters such as moisture removal rate and 

effectiveness of dehumidifier. 

2. Compare the performance of different solid desiccants in the heatless air dryer.  

2.7 Scope of work 

In order to achieve the above objectives, the following scope of work is broadly listed below:  

• Development of an experimental setup of the heatless air dryer. 

• Experimentation for evaluation of performance parameters. 

• Interpretation of experimental data  

• Validation of the experimental results using ANN. 

2.8 Organization of the thesis 

The research works carried out as part of the thesis are presented in six chapters with 

reference section at the end. The present research work includes experimental investigation 

to draw a comparison between solid desiccants as a working medium in heatless air dryer. 

Artificial Neural Network was also developed with the help of a neural designer to predict 

the performance parameters of the solid desiccants. 

Chapter 1 briefs about the need for developing desiccant based dehumidification systems 

and importance of dehumidified compressed air in industries, desiccant cooling, basic     
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principle of desiccant cooling system, classification of desiccants, desirable properties of the 

desiccant. 

Chapter 2 outlines the detailed literature review on technological advancements in the field 

of dehumidification using solid desiccants and particularly packed bed desiccant systems 

which includes mathematical, simulation and experimental. At the end of the chapter, scope 

and objectives are described. 

Chapter 3 presents the detailed experimental setup to investigate the solid desiccant such as 

silica gel, activated alumina, Molecular Sieve 4A and Molecular Sieve 13x as a working 

medium in heatless air dryer. At the end of the chapter, performance parameters and 

uncertainty analysis are described. 

Chapter 4 presents the results and discussion for comparative investigation on solid desiccant 

as working medium in heatless air dryer in terms of moisture removal rate and dehumidifier 

effectiveness obtained experimentally. Also, the results of the thermal distribution across the 

adsorber tower and regeneration tower obtained through experimentation are presented and 

discussed. Results obtained through ANN are presented and discussed as a validation tool 

for the experimental results. 

Chapter 5 elucidates the summary and important conclusions arrived from the study and 

scope for further research is also discussed. 
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2.9 Flowchart of Organization of the thesis 
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CHAPTER - 3 

Experimentation 

It was evident from the literature review that solid desiccants need to be investigated 

individually for any particular application. In this research work dehumidification of 

compressed air through a heatless air dryer is investigated. Experimental set up has been 

meticulously designed in order to acquire reliable data from experiments. The commonly 

used solid desiccants have been selected for the experimentation. The solid desiccants 

selected are  

1) Silica gel 

2) Activated Alumina 

3) Molecular Sieve 3A 

4) Molecular Sieve 4A 

5) Molecular Sieve 13x 

The above solid desiccants are selected as they have good crushing strength to withstand 

high pressures of compressed air, chemically stable, nontoxic and inflammable. In order to 

study and observe the surface of the solid desiccants, help of Scanning Electron Microscope 

(SEM) was used. Each solid desiccant was sent for testing to capture the magnified surface 

image of the solid desiccant. The 100 µm S.E.M images obtained can be seen below: 

 

FIGURE 3. 1 S.E.M image of Silica gel solid desiccant 
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FIGURE 3. 2 S.E.M image Molecular Sieve 13x of solid desiccant 

 

FIGURE 3. 3 S.E.M image of Molecular Sieve 3A solid desiccant 

 

 

 

 

 

 

 

 

FIGURE 3. 4 S.E.M image of Molecular Sieve 4A solid desiccant 
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FIGURE 3. 5 S.E.M image of Activated Alumina solid desiccant 

The SEM images as observed from Figure 3.1 to Figure 3.5 reveal even pore distribution to 

be maximum in Molecular Sieve 13x when compared to others while silica gel shows 

minimum pore distribution. This suggests better rate of adsorption must occur in Molecular 

Sieve13x when compared to silica gel. 

 

FIGURE 3. 6 Actual image of Silica gel solid desiccant used for experimentation. 

In Figure 3.6 Actual image of the Silica Gel White Beads having a size of 2-4 mm used for 

experimentation can be seen.  The non-indicating type Silica Gel was used. Silica Gel white 

beads on saturation will not change color. Silica Gel White Beads widely used as desiccant 
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in packet form. It is used in Natural Gas Drying. Silica Gel White Beads used in Hydrocarbon 

Drying.  

 

FIGURE 3. 7 Actual image of Molecular Sieve 3A solid desiccant used for 

experimentation. 

 

FIGURE 3. 8 Actual image of Molecular Sieve 4A solid desiccant used for 

experimentation. 
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.  

FIGURE 3. 9 Actual image of Molecular Sieve 13x of solid desiccant used for 

experimentation. 

 

FIGURE 3. 10 Actual image of Activated Alumina solid desiccant used for 

experimentation. 
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Figure 3.6 to Figure 3.10 depict the actual images of the solid desiccants used for 

experimentation in this research work. The properties of these desiccants used in 

experimentation are available in Annexure-B 

3.1 Design and development of the experimental set up. 

Under normal production conditions, compressed air is saturated with water. Estimating the 

saturated water vapour content of the compressed air is fundamental to the design and 

operation of the heatless air dryer. Water content of the saturated gas entering the dryer at 

the given operating conditions is given by: 

 𝑊 = 593.335 × EXP(0.05486 × 𝑡𝑔) × 𝑃(−0.81452) (1) 

 

Take 𝑡𝑔 = 45° C 

𝑃 = 0.78 

𝑊 = 593.335 × EXP(0.05486 × 45) × 0.78(−0.81452) 

𝑊 = 72644.353 𝑘𝑔⁄106 𝑆𝑡𝑑 𝑚 ³ 

It is reasonable to assume that virtually all of the water is adsorbed on the desiccant bed. In 

determining the drying cycle the designer is influenced by the desiccant capacity, water load 

to dryer, allowable system pressure drop, regeneration gas facilities and the investment 

economics [1]. Drying cycles generally range from 4 to 24 h. A common value of 8 h has 

been selected to avoid the tedious mechanism of determining optimum cycle length. The 

amount of water adsorbed per cycle is given by: 

 𝑀 =
(𝑄𝐶𝑊)

24
 (2) 

Now 𝑄 = 100 𝐶𝐹𝑀 

               =
0.0474

60 × 8
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    = 9.81 × 10−5 𝑚3/𝑑𝑎𝑦 

𝑀 =
𝑄 × 𝐶 × 𝑊

24
 

𝑀 = 2.32 𝑘𝑔 

 

The capacity of a desiccant for water is expressed normally in mass of water adsorbed per unit 

mass    of desiccant 

 

𝑉𝐷  =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑

𝑀𝑎𝑠𝑠 𝑜𝑓 𝐷𝑒𝑠𝑖𝑐𝑐𝑎𝑛𝑡
 

 

        =
2.32

60
 

 

𝑉𝐷  = 0.038 𝑚³ 

 

 

The above volume is found to be in line with the company specification for 100 CFM dryer 

bed. Hence Diameter and length of the bed can be varied in accordance to pipe size 

availability in the market.  

 
𝑉𝐷  = 0.0038 𝑚³ for 10 CFM 

 
 

A 4ʺ diameter pipe is used to construct the tower having a height of 18ʺ. Thus the actual 

volume of a single tower is 0.0037 m³. 

3.2 Experimental set up 

The heatless air dryer for 10 CFM capacity is designed and fabricated to experimentally test 

different solid desiccants such as Silica gel, Molecular Sieve 4A, Molecular Sieve 3A, 

Molecular Sieve 13x and Activated Alumina. The dryer utilizes compressed air which is 

provided by a reciprocating air compressor of 10 CFM capacity. The experimentation is 

conducted at the factory of M/s Unique Air Products. 
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3.2.1 Description of the experimental setup 

An experimental set up of a heatless air dryer for 10 CFM capacity is designed and 

manufactured to conduct the experiments. For every set of trial, compressed air from the 

compressor having a pressure of 7 bar was utilized. This compressed air is first supplied to 

the activated carbon filter in order to remove the oil content in the compressed air. As oil 

can be adsorbed by the solid desiccant, which can make the desiccant inactive. After passing 

through the activated carbon filter, the air is passed through the pre filter which has the 

filtration efficiency of 5 micron. After the pre filter the air enters the desiccant tower A or B 

as per the operating condition. The towers are completely packed with desiccant to ensure 

no desiccant particle is carried over in the compressed air stream, steel straps at the openings 

of the tower are installed. Desiccant material filled in the tower adsorbs the moisture of the 

compressed air and makes it dry. The dry air is now sent outside of the tower. Fraction of 

this dry air, referred as purge air, is bypassed via thin tube to the tower-B for the regeneration 

process. Remaining air, via non-return valve (also called check valve), is passed to the output 

line from where it goes to the after filter which removes dust particle if added by the 

desiccant (desiccant particles).  

Rendering clean, compressed, dry air. The purge air is supplied to the tower-B from top. 

Bottom of the tower-B is kept open to the atmosphere, hence pressure in the tower-B is 

lower. The dry compressed purge air regenerates the desiccants. Now the cycle changes. 

Compressed air is passed through the tower-B while the tower-A gets regenerated. This cycle 

changes its direction after an interval of 5 minute. This cycle is controlled by a timer, which 

is attached with the solenoid valve, which controls the motion of the 5/2 direction control 

valve. This 5/2 control valve controls the direction of the compressed air (towards tower-A 

or tower-B) and opening of the tower-A or tower-B. 



 

42 

 

 

FIGURE 3. 11 Experimental test rig diagram 

 

PG: Pressure Gauge                                                       DPT: Dew Point Transmitter 

CT: Control Timer                                                      DL: Data Logger   

CF: Carbon Filter                                T2: Tower B 

SV: Solenoid Valve                                                      T1: Tower A   

AF: After Filter                                                      PF: Pre-Filter   

FIGURE 3. 12 Detailed view of the experimental set up with Laptop and Data Logger 

attached.  

T1 

SV 

CF 

PG 

CT PF 

DPT 

DL 

T2 

AF 
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3.2.2 Various components of the experimental set up  

The heatless air dryer consists of two packed bed towers which are constructed using a 4-

inch diameter pipe cut of material SA 1239 across a length of 18 inch as can be seen in 

Figure 3.13 having a thickness of 4mm. Each tower undergoes adsorption and regeneration 

process as the cycle oscillates the direction of flow of the compressed air. 

 

FIGURE 3. 13 Image of 4ʺ diameter, 18 ʺ height, 4mm thickness, SA1239 pipe used for 

tower fabrication. 
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FIGURE 3. 14 External image showing crown of the tower with wire mesh seal to prevent 

desiccant carryover in the process line 

 

 

FIGURE 3. 15 Internal image showing crown of the tower with wire mesh seal to prevent 

desiccant carryover in the process line 
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FIGURE 3. 16 Image of the sub assembly fabrication 

 

   

FIGURE 3. 17 Image depicting the fabricated test rig assembly of the desiccant towers 

with the pre filter , after filter and carbon filter. 

Tower B 

Tower A 
Carbon Filter 

Pre Filter 

After Filter 
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FIGURE 3. 18 Image depicting the test rig assembly with the control panels, pressure 

gauges and solenoid valve. 

 

FIGURE 3. 19 Dew point meter for testing outlet air dew point temperature 

Pressure gauge for tower B 

Pressure gauge for tower A 

Control Timer 

Solenoid Valve 
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FIGURE 3. 20Image of the final test rig with the thermowell testing facility across the 

length of the tower.  

Three thermo wells were constructed on Tower A to study the variation in temperature along 

the length of the tower. Since the cycle oscillates from adsorption to regeneration in each 

tower. Thermo wells were constructed only on one tower. 

 

  

FIGURE 3. 21 Assembly and testing 

Thermowel
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FIGURE 3. 22 Dew point transmitter 

 

FIGURE 3. 23 Dew point Transmitter with Digital Indicator 
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FIGURE 3. 24 Data logger with RS435 to USB converter.  

 

FIGURE 3. 25 Temperature Indicator with sensing probe 
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FIGURE 3. 26 Hygrometer for measuring Humidity  

3.3 Performance parameters 

Calculating the moisture removal rate and efficacy of the desiccant dehumidifier to evaluate 

its performance. The following equation is used to find the rate of moisture removal to the 

surface of the desiccant from the air: 

  𝑋 = 𝑚𝑎 (𝑍1  −  𝑍2) (5) 

 

Where,  

𝑚𝑎 = the mass flow rate of the compressed air at the inlet of the dehumidification tower.  
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𝑍1= the compressed air humidity ratios at the input. 

𝑍2= the compressed air humidity ratios at the output. 

 

The dehumidification tower's effectiveness 𝜀𝐷𝑊 is calculated as the ratio of the change in 

real air humidity ratio to the highest feasible change in humidity ratio. 

 

  𝜀𝐷𝑊 =
(𝑍1 −  𝑍2)

(𝑍1 − 𝑍2 𝑖𝑑𝑒𝑎𝑙)
 (6) 

 

3.4 Uncertainty Analysis  

It is quite difficult to get accurate readings when measuring physical quantities. When 

measuring any physical quantity, there will always be some degree of uncertainty because 

of the shortcomings of both the measuring instruments and the humans using them. The 

computation of uncertainty analysis is accomplished with the use of Klein's Method, which 

can be formulated as follows. 

 𝑤𝑟 = [(
𝜕𝑅

𝜕𝑥1
𝑤1)

2

+ (
𝜕𝑅

𝜕𝑥1
𝑤1)

2

+ ⋯ … … … + (
𝜕𝑅

𝜕𝑥1
𝑤1)

2

]

1
2

 (6) 

 

In this case, R is a fixed function of the independent variables x1, x2,......, xn, and the values 

of w1, w2,...., wn represent the degrees of uncertainty associated with those variables. 

Temperature and relative humidity readings have the potential to vary by as much as ± 0.2 

°C and ± 2%, respectively, due to measurement errors. 

It has been determined that a maximum uncertainty of ±7.18% is related with the moisture 

rate. The calculation about the analysis of the degree of uncertainty is presented in detail in 

Annexure E. 

3.5 Summary 

Experimental test rig was carefully designed to investigate the use of different solid 

desiccants in a heatless air dryer. The heatless air drier with a capacity of 10 CFM has been 
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designed and built so that various solid desiccants, such as silica gel, Molecular Sieve 4A, 

Molecular Sieve 3A, Molecular Sieve 13x, and activated alumina, can be experimentally 

tested. The dryer makes use of compressed air, which is supplied by a reciprocating air 

compressor that has a capacity of 10 cubic feet per minute (CFM). A total of 10 cases were 

undertaken. For each case, experiments were performed and results were recorded with the 

help of a data logger. Experiments were performed using silica gel, activated alumina, 

Molecular Sieve 3A, Molecular Sieve 4A and Molecular Sieve 13x and heterogeneous 

mixtures obtained by mixing two of the previously mentioned desiccants. Thermowells were 

made along the tower A to observe the temperature gradient during adsorption process to 

study the heat released during adsorption. Performance parameters such as moisture removal 

rate and dehumidifier effectiveness are considered. The maximum uncertainty associated with 

the adsorption rate is found to be ±7.18%. 
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CHAPTER - 4 

Results and Discussion 

Experiments were conducted on a heatless air dryer test rig designed for a 10 CFM capacity. 

Test runs were conducted for solid desiccants such as silica gel, activated alumina, Molecular 

Sieve 4A, Molecular Sieve 13x and its heterogeneous mixtures. Each experimental 

investigation for a particular desiccant was considered as one case. A total of 10 cases is 

studied experimentally and compared.  

The results obtained experimentally are validated using ANN. Temperature gradient along 

the adsorption tower and regeneration tower were recorded to investigate the need for 

external cooling to control the heat of adsorption. However, from the results depicted below 

it can be clearly seen that no external cooling is essential owing to a temperature gradient 

not exceeding 5℃. 

Following cases were considered for the experimental investigation: 

Case I: Activated Alumina is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. 

Case II: Molecular Sieve 13x is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. 

Case III: Mixture of Molecular Sieve 13x and activated alumina is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 

Case IV: Silica gel is experimentally investigated as a working medium in the heatless air 

dryer with a flow rate of 10 CFM. 

Case V: Molecular Sieve 4A is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. 

Case VI: Mixture of Silica gel and Molecular Sieve 4A is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. 
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Case VII: Mixture of Molecular Sieve 13x and Molecular Sieve 4A is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 

Case VIII: Mixture of Activated Alumina and Molecular Sieve 4A is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 

Case IX: Mixture of Silica Gel and Molecular Sieve 13x is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. 

Case X: Mixture of Silica gel and Activated Alumina is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. 

The dew point temperature is a direct measure of the dryness of air. The drier the air, the 

lower the dew point temperature. Using a dew point transmitter the dew point temperatures 

were recorded for each case. The readings recorded are depicted from Figure 4.1 to Figure 

4.10. The summary of the moisture removal rate achieved in each case is given in table 4.1.  

4.1 Experimental investigation results of solid desiccants used in heatless 

air dryer 

Case I: Activated Alumina is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. Compressed air having dew point 12.8℃ was 

dried to a dew point of -39.8℃ as can be seen in Figure4.1, moisture removal rate of the 

dehumidifier achieved was 22.74 gm/hr while the effectiveness of the dehumidifier was 

50.93%.
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FIGURE 4. 1 Plot depicting variation of dew point temperature with time recorded by data 

logger when Activated Alumina is is used in the heatless air dryer. 

Case II: Molecular Sieve 13x is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. Compressed air having dew point 16.1℃ was 

dried to a dew point of -70.0℃ as can be seen in Figure4.2, moisture removal rate of the 

dehumidifier achieved was 54.63 gm/hr while the effectiveness of the dehumidifier was 

80.55%. 

 

FIGURE 4. 2  Plot depicting variation of dew point temperature with time recorded by data 

logger when Molecular Sieve 13x is used in the heatless air dryer. 

Case III: Mixture of Molecular Sieve 13x and activated alumina is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 
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Compressed air having dew point 15.2℃ was dried to a dew point of -55℃ as can be seen 

in Figure4.3, moisture removal rate of the dehumidifier achieved was 49.81 gm/hr while the 

effectiveness of the dehumidifier was 49.29%. 

  

FIGURE 4. 3  Plot depicting variation of dew point temperature with time recorded by data 

logger when mixture of Molecular Sieve 13x and activated alumina is used in the air dryer. 

Case IV: Silica gel is experimentally investigated as a working medium in the heatless air 

dryer with a flow rate of 10 CFM. Compressed air having dew point 5.5℃ was dried to a 

dew point of -55℃ as can be seen in Figure4.4, moisture removal rate of the dehumidifier 

achieved was 22.51 gm/hr while the effectiveness of the dehumidifier was 47.18%. 

 

FIGURE 4. 4  Plot depicting variation of dew point temperature with time recorded by data 

logger when silica gel is used in the heatless air dryer. 
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Case V: Molecular Sieve 4A is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. Compressed air having dew point 7.7℃ was 

dried to a dew point of -63.4℃ as can be seen in Figure4.5, moisture removal rate of the 

dehumidifier achieved was 39.58 gm/hr while the effectiveness of the dehumidifier was 

81.68%. 

 

 

 

FIGURE 4. 5 Plot depicting variation of dew point temperature with time recorded by data 

logger when Molecular Sieve 4A is used in the heatless air dryer. 

 

Case VI: Mixture of Silica gel and Molecular Sieve 4A is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. Compressed air having 

dew point 19.9℃ was dried to a dew point of -40.0℃ as can be seen in Figure4.6, moisture 

removal rate of the dehumidifier achieved was 43.96 gm/hr while the effectiveness of the 

dehumidifier was 37.86%. 
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FIGURE 4. 6 Plot depicting variation of dew point temperature with time recorded by data 

logger when mixture of Silica gel and Molecular Sieve 4A is used in the heatless air dryer. 

Case VII: Mixture of Molecular Sieve 13x and Molecular Sieve 4A is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 

Compressed air having dew point 19.3℃ was dried to a dew point of -52℃ as can be seen 

in Figure4.7, moisture removal rate of the dehumidifier achieved was 67.50 gm/hr while the 

effectiveness of the dehumidifier was 52.61%. 

 

FIGURE 4. 7  Plot depicting variation of dew point temperature with time recorded by data 

logger when mixture of Molecular Sieve 13x and Molecular Sieve 4A is used in the 

heatless air dryer. 
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Case VIII: Mixture of Activated Alumina and Molecular Sieve 4A is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 

Compressed air having dew point 19.3℃ was dried to a dew point of -45℃ as can be seen 

in Figure4.8, moisture removal rate of the dehumidifier achieved was 13.91 gm/hr while the 

effectiveness of the dehumidifier was 13.69%. 

 

 

FIGURE 4. 8 Plot depicting variation of dew point temperature with time recorded by data 

logger when mixture of Activated Alumina and Molecular Sieve 4A is used in the heatless 

air dryer. 

 

Case IX: Mixture of Silica Gel and Molecular Sieve 13x is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. Compressed air having 

dew point 19.9℃ was dried to a dew point of -57.4℃ as can be seen in Figure4.9, moisture 

removal rate of the dehumidifier achieved was 108.19 gm/hr while the effectiveness of the 

dehumidifier was 80.04%. 
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FIGURE 4. 9 Plot depicting variation of dew point temperature with time recorded by data 

logger when mixture of Silica Gel and Molecular Sieve 13x is used in the heatless air 

dryer. 

Case X: Mixture of Silica gel and Activated Alumina is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. Compressed air having 

dew point 6.3℃ was dried to a dew point of -34.6℃ as can be seen in Figure4.10, moisture 

removal rate of the dehumidifier achieved was 17.95 gm/hr while the effectiveness of the 

dehumidifier was 30.37%. 
 

 

FIGURE 4. 10 Plot depicting variation of dew point temperature with time recorded by 

data logger when mixture of Silica gel and Activated Alumina is used in the heatless air 

dryer. 
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3
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Moisture 

removal rate 

in gm/hr 

22.51 39.58 54.63 22.74 17.95 43.96 108.9 13.91 49.81 67.50 

Effectiveness 

of 

dehumidifier 

in % 

47.18 81.68 80.55 50.93 30.37 37.86 80.04 13.69 49.29 52.61 

Table 4. 1 Results table of experimental test for case 1 to 10. 

 

The preceding findings came about as a consequence of testing performed in the heatless air 

dryer on a variety of solid desiccants. Other variables, like flow rate, bed length, and so on, 

remained unchanged throughout the experiment. Experiments were conducted with the sole 

purpose of measuring the outcome of the change in desiccants that occurred in a heatless air 

dryer. Molecular Sieve 3A and Molecular Sieve 4A gave very similar results. Hence only 

Molecular Sieve 4A was considered for the investigation while Molecular Sieve 3A was 

dropped after preliminary investigation. 

 

FIGURE 4. 11 Plot depicting comparative analysis of variation of dew point temperature 

with time for Molecular Sieve 3A and Molecular Sieve 4A used in the heatless air dryer. 
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4.2 Investigation results for heat of adsorption released across the tower 

for each case. 

It was observed during adsorption process the adsorption tower would increase in 

temperature. To investigate the heat of adsorption released in each case, to avoid 

overheating, three thermowells were constructed at equal distance along the tower  and 

temperature gradient was recorded. The thermowells were constructed only on one tower as 

the adsorption and regeneration cycle alternates in an interval of five minutes. The results of 

the temperature readings recorded in the thermowell are as shown in Fig  4.12 to Figure 4.32 

for each case. 

Case I: Activated Alumina is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. 

 

FIGURE 4. 12 Temperature variation along the adsorption tower using Activated Alumina 

as desiccant. 

 

It can be clearly seen from Figure 4.12 that there is temperature rise when adsorption takes 

place in the adsorption tower during the testing of activated alumina. However, the ∆T does 

not exceed 2℃. It is also observed that the temperature at the top of the packed bed is higher 

when compared to the bottom part of the bed. This is an indication that the desiccant at the 

top part of the packed bed is more actively involved in the phenomenon of adsorption. This 

could be due to the direction of the process air entering from the bottom of the bed and then 

31

31.5

32

32.5

33

33.5

34

34.5

5 15 25 35 45 55

Te
m

p
er

at
u

re
 v

ar
ia

ti
o

n
 a

lo
n

g 
th

e 
ad

so
rp

ti
o

n
 

to
w

er

Time in minutes

Temperature variation along the adsorption tower using Activated 
Alumina as desiccant. 

Temp. at the bottom of the packed
bed

Temp. at the centre of the packed
bed

Temp. at the top of the packed bed



 

63 

 

exiting into the process line from the top of the bed.  

 

FIGURE 4. 13 Temperature variation along the regeneration tower using Activated 

Alumina as desiccant 

Similarly, in Figure 4.13 when the regeneration tower was investigated with activated 

alumina as the desiccant, it was observed that a temperature rise of ∆T at 6℃ on the topmost 

side of the packed bed was observed while ∆T of 4℃ is observed at the bottom of the 

regeneration tower. Hence a decline in temperature gradient is observed as the regeneration 

occurs from top of the packed bed towards the bottom. 

Case II: Molecular Sieve 13x is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. 
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FIGURE 4. 14 Temperature variation along the adsorption tower using Molecular Sieve 

13x as desiccant.  

A ∆T of 4℃ was observed as shown in Figure 4.14 when the temperature gradient in the 

adsorption tower was recorded for Molecular Sieve 13x as desiccant in the heatless air dryer. 

∆T was uniform for the entire packed bed. 

FIGURE 4. 15 Temperature variation along the regeneration tower using Molecular Sieve        

13x as desiccant.  
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A ∆T of 4℃ was observed when the temperature gradient in the bottom of the regeneration 

tower was recorded for Molecular Sieve 13x as desiccant in the heatless air dryer. While ∆T 

of 6℃ was recorded at the bottom of the packed bed as can be seen in Fig.4.15. 

 

Case III: Mixture of Molecular Sieve 13x and activated alumina is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 

 

 

FIGURE 4. 16 Temperature variation along the adsorption tower using mixture of   

                      Activated Alumina and Molecular Sieve 13x as desiccant. 

 

In Case III, a heterogeneous mixture of Activated Alumina and Molecular Sieve 13x is tested 

as a desiccant in the heatless air dryer. It is observed from Figure 4.16 that the temperature 

gradient at the bottom of the tower is 2℃ while a ∆T of  3℃ was observed at the top most 

part of the packed bed during the adsorption process 
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FIGURE 4. 17 Temperature variation along the regeneration tower using mixture of 

Activated Alumina and Molecular Sieve 13x as desiccant. 

 

In the regeneration tower for Case III it is observed from Figure 4.17 that a minuscule 

temperature gradient of 1℃ is recorded throughout the regeneration tower. 

Case IV: Silica gel is experimentally investigated as a working medium in the heatless air 

dryer with a flow rate of 10 CFM. 

 

FIGURE 4. 18 Temperature variation along the adsorption tower using silica gel as 

desiccant. 

As seen in Figure 4.18 the ∆T during adsorption observed during testing of silica gel as a 
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of 1℃ was observed in the mid-section of the tower while the temperature on the top most 

portion of the adsorption bed remained almost constant. This indicates there was no 

significant heat of adsorption released during the adsorption process for silica gel. Similarly, 

as can be seen in Figure 4.19 during the regeneration process a loss of 4℃is observed at the 

bottom of the regeneration tower while a drop of 2℃ is noted at the top and middle portion 

of the packed bed. 

 

FIGURE 4. 19 Temperature variation along the regeneration tower using silica gel as 

desiccant. 

Case V: Molecular Sieve 4A is experimentally investigated as a working medium in the 

heatless air dryer with a flow rate of 10 CFM. 
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 FIGURE 4. 20 Temperature variation along the adsorption tower using Molecular Sieve 

4A 

When Molecular Sieve 4A was tested in a heatless air dryer ∆T of 5℃ was recorded in the 

top of the packed bed during adsorption as well as regeneration as seen in Figure 4.20. 

Indicating active participation of the desiccants in the top most part of the packed bed.  

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4. 21 Temperature variation along the regeneration tower using Molecular Sieve 

4A as the desiccant 

Case VI: Mixture of Silica gel and Molecular Sieve 4A is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. 
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FIGURE 4. 22 Temperature variation along the adsorption tower using mixture of  Silica 

gel  and Molecular Sieve 4A as desiccant. 

During the adsorption and regeneration processes, when using the mixture of silica gel and 

Molecular Sieve 4A, it was noted that a maximum of 1°C increase in temperature was 

recorded in the adsorption tower as shown in Figure 4.22. This was discovered by observing 

the temperature variation along the packed bed throughout these processes. As shown in 

Figure 4.23, a rise in temperature of 4 °C was noticed while the regeneration process was in 

progress. 

 

FIGURE 4. 23 Temperature variation along the regeneration tower using mixture of Silica 

gel and Molecular Sieve 4A as desiccant. 

Case VII: Mixture of Molecular Sieve 13x and Molecular Sieve 4A is experimentally 

investigated as a working medium in the heatless air dryer with a flow rate of 10 CFM. 
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FIGURE 4. 24Temperature variation along the adsorption tower using mixture of  

Molecular Sieve 4A  and Molecular Sieve 13x as desiccant. 

 

FIGURE 4. 25 Temperature variation along the regeneration  tower using mixture of  

Molecular Sieve 4A  and Molecular Sieve 13x as desiccant. 

 

Figure 4.24 and Figure 4.25 depict the rise in temperature of the packed bed during the 

adsorption and regeneration process respectively when mixture of Molecular Sieve 4A and 

Molecular Sieve 13x is used in the heatless desiccant air dryer. A maximum ∆T of 2℃ is 

recorded during adsorption and ∆T of 4℃ is recorded during regeneration process. 

Case VIII: Mixture of Activated Alumina and Molecular Sieve 4A is experimentally 
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FIGURE 4. 26 Temperature variation along the adsorption tower using mixture of 

Activated Alumina and Molecular Sieve 4A as desiccant. 

   

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4. 27 Temperature variation along the regeneration tower using mixture of 

Activated Alumina and Molecular Sieve 4A as desiccant. 

When utilised in the heatless air dryer, a mixture of activated alumina and Molecular Sieve 

4A produced a ∆T of 3℃ along the length of the packed bed as seen in Figure 4.26 and 

Figure 4.27 during adsorption and regeneration processes.   

Case IX: Mixture of Silica Gel and Molecular Sieve 13x is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. 
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FIGURE 4. 28 Temperature variation along the adsorption tower using mixture of  Silica 

gel  and Molecular Sieve 13x as desiccant.  

 

FIGURE 4. 29 Temperature variation along the regeneration  tower using mixture of  

Silica gel  and Molecular Sieve 13x 

In the adsorption tower when the mixture of silica gel and Molecular Sieve 13x were tested, 

a 2℃ rise in the temperature at the bottom of the bed was noted over a period of 1 hour as 

seen in Figure 4.28. While similarly a rise of 3 ℃ was recorded for the top of the packed 

bed during regeneration process as seen in Figure 4.29.  

Case X: Mixture of Silica gel and Activated Alumina is experimentally investigated as a 

working medium in the heatless air dryer with a flow rate of 10 CFM. 
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FIGURE 4. 30 Temperature variation along the adsorption tower using mixture of Silica 

gel and Activated Alumina as desiccant. 

 

FIGURE 4. 31 Temperature variation along the regeneration tower using mixture of silica 

gel and Activated Alumina 

 

Figure 4.30 and Figure 4.31 depict the temperature variation along the adsorption and 

regeneration tower respectively when silica gel and activated alumina is used a desiccant in 

the heatless air dryer. It can be observed that a temperature gradient of 5℃ at the bottom of 

the packed bed during adsorption is recorded. While a rise of 2℃ through out the packed 

bed is observed during the regeneration process. 
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4.4 Validation of experimental work using Artificial Neural Network 

The training and testing process of the ANN model was based on experimentally measured 

data procured from testing silica gel solid desiccant in the heatless air dryer. Effects of 

duration, relative humidity, dry bulb temperature and wet bulb temperature of the inlet air 

on the moisture removal rate, effectiveness, outlet dew point temperature and outlet relative 

humidity were predicted. The Figure 4.32 below depicts a graphical representation of the 

network architecture. 

 

FIGURE 4. 32 Graphical representation of the neural network architecture 

The performance of the ANN model is measured using the correlation coefficient (R) and 

the mean square error (MSE). The ANN model performs well statistically, with a correlation 

coefficient of 0.96 and 0.90 for effectiveness and moisture removal rate respectively that is 

very close to unity and MSE values for ANN training and predictions that are very low when 

compared to the range of experiments evaluated for a heatless air dryer. The results obtained 

using the ANN are depicted below. 
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FIGURE 4. 33 Plot depicting training and selection error. 

The created neural network displayed a high degree of resemblance with the findings of the 

experiment. The training and selection errors for each iteration are depicted in the following 

plot, which can be seen in Figure 4.33. Both the training error and the selection error are 

depicted by the two lines: the blue line represents the training error, while the orange line 

depicts the selection error. The training error begins with a value of 1.26967 and ends with 

a value of 0.129613 after 88 iterations of the training process. The selection mistake starts 

out with a value of 1.09951, and after 88 iterations, it reaches its final value of 0.183657. 

The errors statistics take into account the least amount of error, the most amount of error, 

the average amount of error, and the standard deviation of the errors that occur between the 

neural network and the testing samples in the data set. They are an effective method for 

determining the overall quality of a model. The following table illustrates the absolute and 

percentage mistakes produced by the neural network for the testing data. Also included are 

the errors' minimum, maximum, and mean values, as well as their standard deviations. 
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 Minimum Maximum Mean Deviation 

Absolute error 0.000469208 23.9746 0.61919 2.60824 

Relative error 6.62723e-6 0.338624 0.00874563 0.0368395 

Percentage error 0.000662723 33.8624 0.874563 3.68395 

 

Table 4. 2 Digressions of the absolute and percentage errors of the neural network for the 

testing data 

 

FIGURE 4. 3411 Comparisons between ANN predictions for outlet dew point temperature 

with experimental results 

 

A linear regression analysis between the scaled neural network outputs and the associated 

targets for an independent testing subset is the traditional way for testing a model's loss. For 

each output variable, this approach yields three parameters. The y-intercept would be 0 for 

the first two parameters a and b, correlating to it.   If the correlation coefficient is 1, then the 

outputs of the neural network and the targets in the testing subset are perfectly correlated. 

The linear regression for the output process air dew point temperature is displayed in the 

following chart in graphical form. Each circle on the graph displays a predicted value in 

comparison to the actual value. The value of the correlation is 0.95, which is extremely close 

to one, indicating that the output predicted by the ANN and that produced through 
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experiments are in high agreement. This can be seen in Figure 4.45, which also demonstrates 

that the grey line represents the best linear fit. 

 

FIGURE 4. 35 Comparisons between the ANN predictions and experimental results for 

relative humidity at the outlet of the dryer. 

 

Similarly, a correlation of 0.99 can be detected between the value that was predicted for the 

outlet relative humidity and the experimental readings, as shown in Figure 4.35. The 

correlation between the values that were predicted for the moisture removal rate and the 

values that were actually achieved through experimentation is 0.90, as can be shown in 

Figure 4.36. As shown in Figure 4.37, there was a correlation of 0.96 between the 

effectiveness that was projected and the effectiveness that was actually achieved. Because 

all of these correlation values are so close to having the value one, it is clear that the outcomes 

predicted by the neural network are in good agreement with the results of the experiments. 
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FIGURE 4. 126 Comparisons between the ANN predictions and experimental results for 

the rate of moisture removal of the dryer. 

 

FIGURE 4. 137 Comparisons between the ANN predictions and experimental results for 

the effectiveness of the dryer. 

The experimental results indicated outlet dew point temperature of -55°C for 60 minutes trial 
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time and the ANN model predicted -56.3°C for 900 minutes trial time. It is observed from 

Figure 4.34 to Figure 4.37 that the correlation for the ANN predicted results and the 

experimental test results are approaching unity which shows good agreement between the 

two. 

4.5 Discussion   

The dew point temperature can be used as a measurement to determine how dry the 

compressed air is. The experimental examination for case II with Molecular Sieve 13x 

demonstrated that the heatless air dryer was able to achieve a dew point of -70 ℃, and the 

achievable moisture removal rate obtained was 54.63 gm/hr. This was seen in Figure 4.2. In 

addition, the scanning electron microscope images that was taken during the preliminary 

research for Molecular Sieve 13x reveals that the solid desiccant has a uniform distribution 

of pores. Because of this, it is recommended to make use of Molecular Sieve 13x in 

circumstances when it is necessary to have exceptionally dry air. The experimental 

examination from case study IX demonstrated that the heterogeneous mixture of silica gel 

and Molecular Sieve 13x offered the greatest result for moisture removal with an adsorption 

rate of 108.19 gm/hr. This is the case in spite of the fact that Molecular Sieve 13x has the 

most expensive price of all of the desiccants that were investigated, but silica gel was 

discovered to be the least expensive of all of the desiccants. In case study VIII, utilising a 

blend of activated alumina and Molecular Sieve 4A resulted in the lowest adsorption rate of 

13.91 gm/hr. After testing each unique desiccant, it was determined that silica gel had the 

lowest adsorption rate, coming in at 22.51 gm/hr with a dew point of -55 ℃. As a 

consequence of these findings, the importance of the desiccant component of a heatless air 

dryer has been brought to light by the experimental test. Even if one does not modify any of 

the other settings, but instead makes a change to the desiccant that is used in the heatless air 

dryer, they will be able to achieve the necessary amount of dryness. 

In each of the cases, researchers looked at how the adsorption and regeneration processes 

affected the temperature distribution across the packed bed. It was investigated to determine 

whether or not the adsorption tower required additional cooling from the outside in order to 

maximize its adsorption capability. It has also been discovered that the temperature at the 

top of the packed bed is higher compared to the temperature at the lower half of the bed in 

each and every instance. This indicates that the desiccant at the top of the packed bed is more 
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actively involved in the process of adsorption than the desiccant that is lower down in the 

bed. This might be because the process air enters from the bottom of the bed and 

subsequently exits into the process line from the top of the bed. Hence impact of direction 

of flow change into better utilisation of the desiccant in a packed bed needs to be further 

investigated.  Therefore, one may conclude, based on Figure 4.12 to Figure 4.31, that the 

temperature variation did not exceed 6℃. Hence external cooling was concluded to be not 

necessary as the tower does not over heat. 

The verification is carried out with the assistance of an artificial neural network. Because of 

the employment of the neural designer software, time, effort, and countless manhours were 

saved throughout the prediction process, which, without the software, would have been 

incredibly time consuming. The neural network was trained with the help of experimental 

data from Case IV, which involved the use of silica gel as a desiccant in a heatless air dryer. 

The results of the experiment indicated that the outflow dew point temperature was -55 

degrees Celsius for a trial time of 60 minutes, while the ANN model projected -56.3 degrees 

Celsius for a trial length of 900 minutes. It is observed from Figure 4.34 to Figure 4.37 that 

the correlation for the ANN predicted results and the experimental test results are 

approaching unity which shows good agreement between the two. 
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CHAPTER - 5 

Conclusion 

• The experimental investigations of Molecular Sieve13x, Molecular Sieve 4A, Silica gel, 

and Activated Alumina, as well as their heterogeneous mixes, were carried out 

effectively. 

• According to the findings of the experiment, the most effective desiccant was Molecular 

Sieve 13x when it was employed by itself in the heatless drier. It was able to remove 

moisture at a rate of 54.63 gm/hr and had an efficiency of 80%. 

• However, the heterogeneous mixture of silica gel and Molecular Sieve 13x produced 

the relatively best results, with a Moisture Removal Rate (MRR) of 108.19 gm/hr and 

an efficiency of 80%. 

• Due to the fact that silica gel is available at a lower cost than MS13x, the price of the 

desiccant might be decreased as a result of the combination. On the other hand, it ought 

to be utilised in situations in which low-pressure compressed air needs to be dried. 

• The heat of adsorption and regeneration was also examined for both towers. Due to the 

poor crushing strength of silica gel in comparison to MS13x. It was discovered that 

because there was not a substantial difference in temperature over the length of the 

packed bed, it was not necessary to employ any form of external cooling on the packed 

bed. 

• In the preliminary investigation, the Molecular Sieve 3A was chosen as the object of the 

inquiry. Following the completion of the experiments, it was discovered, as shown in 

Figure and Figure, that the outcomes produced by Molecular Sieve 3A and Molecular 

Sieve 4A were quite similar. As a result, Molecular Sieve 4A was selected as the single 

candidate for additional research, as no major change in result was recorded for 

Molecular Sieve 3A. 

• The ANN was used to verify the results of the experimental work. Software called a 
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neural designer was used for the same purpose. The results of the experiments conducted 

using silica gel were utilised in the training of the neural network, and the outcomes that 

were predicted showed a high level of agreement with the results that were actually 

tested. 

• ANN was also used to predict the desiccant performance over a period of time. Hence 

it can be effectively used as a prediction tool for solid desiccant saving tedious 

calculations and man hours. 

• Based on the study of the relevant literature that was done, it is possible to state with 

absolute certainty that no other researcher has ever conducted an investigation like this. 

This research will serve as a roadmap for the industry, allowing them to select the 

suitable desiccant according to the level of dryness required rather than adjusting the 

size of the heatless air dryer. 

5.1 Suggestions for future work 

• A composite desiccant engineered for use in heatless air dryer, specifically, can be 

developed. 

• Molecular Sieve 13x and silica gel can be further investigated for use in heatless air 

dryer to increase the performance of the heatless air dryer. 

• Investigation should be carried on the cycle switch over time and its impact on the cycle 

along with the heat of adsorption released and its effect on the adsorption rate. 

• Investigation should be carried out in heatless air dryer to minimize the use of purge air 

for regeneration, as compressed air is used for purging and after that it is released in the 

atmosphere to be lost.  

• ANN (Artificial Neural Network) should be trained and used to predict the life of 

desiccant in the heatless air dryer, this will save potential cost of time and extensive 

amount of manhours to monitor the life expectancy of a solid desiccant.  

• Investigation on the temperature variation in the adsorption tower and regeneration 

tower due to the exothermic reaction that takes place during adsorption revealed that the 



 

83 

 

desiccant in the upper part of the tower has higher temperature when compared to the 

desiccant in lower tower. This was an indication that better utilization of desiccant was 

taking place in the upper part when the flow of process air was unidirectional. Hence 

investigation needs to be carried out in packed bed to study the impact of bidirectional 

flow on the desiccants in a packed bed. 
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Annexure-A: Calibration Certificates 

A.1.Calibration certificate of dew point meter 
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A.2.Calibration Certificate for Pressure Gauge  
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A.3 Calibration Certificate for Hygrometer.  
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Annexure-B: Test Certificates 

B.1 Test Certificate for Activated Alumina  

 



 

94 

 

B.2 Test Certificate of Molecular Sieve 13X 
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B.3 Test Certificate for Molecular Sieve 4A  
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B.4 Test Certificate for Silica Gel  
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B.5 SEM analysis results 
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Annexure - C: Details of Purchase 

C.1 Invoice of Desiccant Purchase  
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C.2 Invoice of Data Logger Purchase  
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Annexure-D: Experimental Data 

Experimental Data 
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M
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 1

3
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Inlet Dew 

point 

Temp T1 

° C 5.5 7.7 16.1 12.8 6.3 19.9 19.9 19.3 15.2 19.3 

Outlet 

Dew point 

Temp T2 

° C -55 -63.4 -70.0 -39.8 -34.6 -51 -57.4 -45 -55 -52 

Inlet RH % 28.4 28.56 40.37 50.14 35.19 69.12 80.45 60.45 60.15 76.36 

Outlet RH % 15 5.23 7.85 24.6 24.5 42.95 16.05 52.17 30.5 36.18 

Reject Air 

RH 
% 25.5 18.21 36.81 33.77 31.7 76.24 79.68 76.70 45.22 89.19 

Atmospher

ic RH 
% 31.8 30.86 41.32 52.51 42.85 77.15 80.72 76.19 65.51 90.80 

Atmospher

ic WBT 
% 16.4 18.8 27.13 26.98 27.06 26.80 26.71 27.06 26.38 26.28 

Inlet  

WBT 
% 14.6 18.51 26.89 25.41 23.89 25.64 26.57 26.12 25.21 25.06 

Outlet 

WBT 
% 12.21 11.4 21.8 14.2 20.83 20.57 20.60 22.17 15.3 17.24 

Reject Air 

WBT 
% 14.9 14.5 27.31 26.95 26.4 27.05 25.99 27.14 26.55 26.49 

Moisture 

removal 

rate 

gm/

hr 
22.51 39.58 54.63 22.74 17.95 43.96 

108.1

9 
13.91 42.95 67.50 

Effectivene

ss of 

dehumidifi

er  

% 47.18 81.68 80.55 50.93 30.37 37.86 80.04 13.69 36.58 52.61 
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Experimental readings of Molecular Sieve 13x recorded by the dew point 

transmitter 

 

ChannelName MIN MAX AVG 

PV_Dew_Point_T

emperature_C 
-69.9 -34.7 -64.3 

    

LogDateTime 
PV_Dew_Point_T

emperature_C   
06-10-2022 15:43 -38.8   
06-10-2022 15:44 -34.7   
06-10-2022 15:45 -34.7   
06-10-2022 15:46 -34.7   
06-10-2022 15:47 -34.8   
06-10-2022 15:48 -34.7   
06-10-2022 15:49 -47.2   
06-10-2022 15:50 -48.8   
06-10-2022 15:51 -50.2   
06-10-2022 15:52 -50.4   
06-10-2022 15:53 -51.5   
06-10-2022 15:54 -53.8   
06-10-2022 15:55 -56.1   
06-10-2022 15:56 -56.4   
06-10-2022 15:57 -57.3   
06-10-2022 15:58 -59   
06-10-2022 15:59 -60.8   
06-10-2022 16:00 -60.9   
06-10-2022 16:01 -61.7   
06-10-2022 16:02 -68   
06-10-2022 16:03 -69.7   
06-10-2022 16:04 -69.7   
06-10-2022 16:05 -69.7   
06-10-2022 16:06 -69.8   
06-10-2022 16:07 -69.7   
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06-10-2022 16:08 -69.7   
06-10-2022 16:09 -69.7   
06-10-2022 16:10 -69.7   
06-10-2022 16:11 -69.8   
06-10-2022 16:12 -69.8   
06-10-2022 16:13 -69.8   
06-10-2022 16:14 -69.8   
06-10-2022 16:15 -69.8   
06-10-2022 16:16 -69.8   
06-10-2022 16:17 -69.8   
06-10-2022 16:18 -69.8   
06-10-2022 16:19 -69.8   
06-10-2022 16:20 -69.8   
06-10-2022 16:21 -69.8   
06-10-2022 16:22 -69.8   
06-10-2022 16:23 -69.8   
06-10-2022 16:24 -69.8   
06-10-2022 16:25 -69.8   
06-10-2022 16:26 -69.8   
06-10-2022 16:27 -69.8   
06-10-2022 16:28 -69.8   
06-10-2022 16:29 -69.8   
06-10-2022 16:30 -69.9   
06-10-2022 16:31 -69.9   
06-10-2022 16:32 -69.8   
06-10-2022 16:33 -69.8   
06-10-2022 16:34 -69.8   
06-10-2022 16:35 -69.8   
06-10-2022 16:36 -69.8   
06-10-2022 16:37 -69.8   
06-10-2022 16:38 -69.8   
06-10-2022 16:39 -69.9   
06-10-2022 16:40 -69.8   
06-10-2022 16:41 -69.8   
06-10-2022 16:42 -69.8   
06-10-2022 16:43 -69.8   
06-10-2022 16:44 -69.8   
06-10-2022 16:45 -69.7   
06-10-2022 16:46 -69.7   
06-10-2022 16:47 -69.7   
06-10-2022 16:48 -69.7   
06-10-2022 16:49 -69.7   
06-10-2022 16:50 -69.7   
06-10-2022 16:51 -69.8   
06-10-2022 16:52 -69.8   
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06-10-2022 16:53 -69.8   
06-10-2022 16:54 -69.9   
06-10-2022 16:55 -69.9   

Experimental readings of Activated Alumina recorded by the dew point 

transmitter 

 

ChannelName MIN MAX AVG 

PV_Dew_Point_

Temperature_C 
-55.9 17.3 -48.3 

    

LogDateTime 
PV_Dew_Point_T

emperature_C   
06-10-2022 11:31 17.3   
06-10-2022 11:32 -39.1   
06-10-2022 11:33 -36.9   
06-10-2022 11:34 -36.9   
06-10-2022 11:35 -36.9   
06-10-2022 11:36 -36.9   
06-10-2022 11:37 -36.9   
06-10-2022 11:38 -39.7   
06-10-2022 11:39 -40   
06-10-2022 11:40 -39.7   
06-10-2022 11:41 -39.7   
06-10-2022 11:42 -40.2   
06-10-2022 11:43 -39.6   
06-10-2022 11:44 -40.8   
06-10-2022 11:45 -43.7   
06-10-2022 11:46 -44.5   
06-10-2022 11:47 -45.5   
06-10-2022 11:48 -45.6   



 

104 

 

06-10-2022 11:49 -46.2   
06-10-2022 11:50 -46.4   
06-10-2022 11:51 -45.2   
06-10-2022 11:52 -44   
06-10-2022 11:53 -43   
06-10-2022 11:54 -44.6   
06-10-2022 11:55 -47   
06-10-2022 11:56 -48.3   
06-10-2022 11:57 -48.2   
06-10-2022 11:58 -47.3   
06-10-2022 11:59 -48.5   
06-10-2022 12:00 -48.4   
06-10-2022 12:01 -47.1   
06-10-2022 12:02 -45.8   
06-10-2022 12:03 -44.6   
06-10-2022 12:04 -47.6   
06-10-2022 12:05 -50.3   
06-10-2022 12:06 -50.5   
06-10-2022 12:07 -49.5   
06-10-2022 12:08 -49.5   
06-10-2022 12:09 -49   
06-10-2022 12:10 -48.7   
06-10-2022 12:11 -47.4   
06-10-2022 12:12 -47.6   
06-10-2022 12:13 -46.9   
06-10-2022 12:14 -49.2   
06-10-2022 12:15 -49.3   
06-10-2022 12:16 -50.2   
06-10-2022 12:17 -50.6   
06-10-2022 12:18 -49.3   
06-10-2022 12:19 -51.3   
06-10-2022 12:20 -50.5   
06-10-2022 12:21 -49.1   
06-10-2022 12:22 -47.7   
06-10-2022 12:23 -47.7   
06-10-2022 12:24 -49.7   
06-10-2022 12:25 -51.7   
06-10-2022 12:26 -52.1   
06-10-2022 12:27 -51   
06-10-2022 12:28 -50.5   
06-10-2022 12:29 -52.2   
06-10-2022 12:30 -51.2   
06-10-2022 12:31 -51.2   
06-10-2022 12:32 -47.9   
06-10-2022 12:33 -47.7   
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06-10-2022 12:34 -52.4   
06-10-2022 12:35 -53.4   
06-10-2022 12:36 -52.4   
06-10-2022 12:37 -51.3   
06-10-2022 12:38 -51.5   
06-10-2022 12:39 -52.7   
06-10-2022 12:40 -52.7   
06-10-2022 12:41 -49.4   
06-10-2022 12:42 -48.2   
06-10-2022 12:43 -50.1   
06-10-2022 12:44 -53.7   
06-10-2022 12:45 -53.6   
06-10-2022 12:46 -52.5   
06-10-2022 12:47 -52.5   
06-10-2022 12:48 -52   
06-10-2022 12:49 -52.6   
06-10-2022 12:50 -51.6   
06-10-2022 12:51 -50.2   
06-10-2022 12:52 -49.4   
06-10-2022 12:53 -52.8   
06-10-2022 12:54 -54.2   
06-10-2022 12:55 -53.9   
06-10-2022 12:56 -52.7   
06-10-2022 12:57 -51.5   
06-10-2022 12:58 -53   
06-10-2022 12:59 -52.9   
06-10-2022 13:00 -51.8   
06-10-2022 13:01 -51.8   
06-10-2022 13:02 -50.6   
06-10-2022 13:03 -54.8   
06-10-2022 13:04 -55.9   
06-10-2022 13:05 -54.9   
06-10-2022 13:06 -53.7   
06-10-2022 13:07 -52.6   
06-10-2022 13:08 -52.6   
06-10-2022 13:09 -52.4   
06-10-2022 13:10 -51.4   
06-10-2022 13:11 -50.6   
06-10-2022 13:12 -50.6   
06-10-2022 13:13 -55.3   
06-10-2022 13:14 -55.8   
06-10-2022 13:15 -55.8   
06-10-2022 13:16 -54.6   
06-10-2022 13:17 -53.2   
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Experimental readings of Silica gel recorded by the dew point 

transmitter 

 

ChannelName MIN MAX AVG 

PV_Dew_Point_T

emperature_C 
-56.3 -18.5 -48 

    

LogDateTime 
PV_Dew_Point_T

emperature_C   
02-12-2022 16:58 -18.5   
02-12-2022 16:58 -20.6   
02-12-2022 16:59 -20.5   
02-12-2022 17:00 -20.6   
02-12-2022 17:01 -20.5   
02-12-2022 17:02 -20.5   
02-12-2022 17:03 -38.7   
02-12-2022 17:04 -39.5   
02-12-2022 17:05 -40.2   
02-12-2022 17:06 -40.3   
02-12-2022 17:07 -42.3   
02-12-2022 17:08 -42.4   
02-12-2022 17:09 -44.1   
02-12-2022 17:10 -44.8   
02-12-2022 17:11 -45.1   
02-12-2022 17:12 -45   
02-12-2022 17:13 -45.7   
02-12-2022 17:14 -46.6   
02-12-2022 17:15 -47.3   
02-12-2022 17:16 -47.1   
02-12-2022 17:17 -46.7   
02-12-2022 17:18 -46.7   
02-12-2022 17:19 -47.6   
02-12-2022 17:20 -48.7   
02-12-2022 17:21 -49.5   
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02-12-2022 17:22 -49.9   
02-12-2022 17:23 -49.4   
02-12-2022 17:24 -49.5   
02-12-2022 17:25 -49   
02-12-2022 17:26 -48.9   
02-12-2022 17:27 -48.9   
02-12-2022 17:28 -50.5   
02-12-2022 17:29 -51.2   
02-12-2022 17:30 -51.5   
02-12-2022 17:31 -51.4   
02-12-2022 17:32 -49.4   
02-12-2022 17:33 -50.3   
02-12-2022 17:34 -51.1   
02-12-2022 17:35 -51.1   
02-12-2022 17:36 -50.6   
02-12-2022 17:37 -49.6   
02-12-2022 17:38 -50.4   
02-12-2022 17:39 -51.5   
02-12-2022 17:40 -52.5   
02-12-2022 17:41 -53.3   
02-12-2022 17:42 -52.5   
02-12-2022 17:43 -52.6   
02-12-2022 17:44 -52.3   
02-12-2022 17:45 -51.7   
02-12-2022 17:46 -51.3   
02-12-2022 17:47 -52.4   
02-12-2022 17:48 -53.9   
02-12-2022 17:49 -54.7   
02-12-2022 17:50 -54.9   
02-12-2022 17:51 -54.7   
02-12-2022 17:52 -53.9   
02-12-2022 17:53 -54   
02-12-2022 17:54 -53.9   
02-12-2022 17:55 -53.4   
02-12-2022 17:56 -53.7   
02-12-2022 17:57 -54.4   
02-12-2022 17:58 -55.7   
02-12-2022 17:59 -56.3   
02-12-2022 18:00 -56.2   
02-12-2022 18:01 -56   
02-12-2022 18:02 -52.9   
02-12-2022 18:03 -50.5   
02-12-2022 18:04 -49.8   
02-12-2022 18:05 -45.8   
02-12-2022 18:06 -48.4   
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02-12-2022 18:07 -52.2   
02-12-2022 18:08 -52.9   
02-12-2022 18:09 -52.7   
02-12-2022 18:10 -52.1   
02-12-2022 18:11 -52   
02-12-2022 18:12 -53.1   
02-12-2022 18:13 -53.2   
02-12-2022 18:14 -52.6   
02-12-2022 18:15 -52.2   
02-12-2022 18:16 -51.8   
02-12-2022 18:17 -52.9   
02-12-2022 18:18 -51.5   
02-12-2022 18:19 -50.6   

Experimental readings of the heterogeneous mixture of Molecular Sieve 

13x and activated alumina recorded by the dew point transmitter 

 

ChannelName MIN MAX AVG 

PV_Dew_Point_Temperature_C -55 -18 -47.5 

 

LogDateTime 
PV_Dew_Point_ 

Temperature_C 

06-08-2022 16.58.03 -18 

06-08-2022 16.59.59 -20 

06-08-2022 17.01.30 -20 

06-08-2022 17.03.30 -20 

06-08-2022 17.05.30 -40 

06-08-2022 17.07.30 -42 

06-08-2022 17.09.30 -44 

06-08-2022 17.11.30 -46 

06-08-2022 17.13.30 -48 
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06-08-2022 17.15.30 -50 

06-08-2022 17.17.30 -50 

06-08-2022 17.19.30 -50 

06-08-2022 17.21.30 -50 

06-08-2022 17.25.30 -51 

06-08-2022 17.27.30 -50 

06-08-2022 17.29.30 -51 

06-08-2022 17.31.30 -50 

06-08-2022 17.33.30 -50 

06-08-2022 17.35.30 -51 

06-08-2022 17.37.30 -50 

06-08-2022 17.39.30 -50 

06-08-2022 17.41.30 -51 

06-08-2022 17.43.30 -51 

06-08-2022 17.45.30 -52 

06-08-2022 17.47.30 -52 

06-08-2022 17.49.30 -52 

06-08-2022 17.51.30 -53 

06-08-2022 17.53.30 -53 

06-08-2022 17.55.30 -53 

06-08-2022 17.57.30 -54 

06-08-2022 17.59.30 -55 

06-08-2022 18.01.30 -52 

06-08-2022 18.03.30 -53 

06-08-2022 18.05.30 -48 

06-08-2022 18.07.30 -51 

06-08-2022 18.09.30 -51 

06-08-2022 18.11.30 -51 

06-08-2022 18.13.30 -51 

 

Experimental readings of  the heterogeneous mixture of silica gel and activated 

alumina recorded by the dew point transmitter 
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ChannelName MIN MAX AVG 

PV_Dew_Point_Temperature_C -39.8 -22.1 -32.9 

 
   

LogDateTime 
PV_Dew_Point_ 

Temperature_C   
06-08-2022 15:49 -22.1   
06-08-2022 15:50 -22.1   
06-08-2022 15:51 -22.1   
06-08-2022 15:52 -22.1   
06-08-2022 15:53 -22.1   
06-08-2022 15:54 -32.3   
06-08-2022 15:55 -30.9   
06-08-2022 15:56 -29.1   
06-08-2022 15:57 -28.9   
06-08-2022 15:58 -26.5   
06-08-2022 15:59 -32.9   
06-08-2022 16:00 -34.4   
06-08-2022 16:01 -34.8   
06-08-2022 16:02 -33.9   
06-08-2022 16:03 -32.9   
06-08-2022 16:04 -35.3   
06-08-2022 16:05 -34   
06-08-2022 16:06 -32.1   
06-08-2022 16:07 -30.4   
06-08-2022 16:08 -30.5   
06-08-2022 16:09 -32.5   
06-08-2022 16:10 -35.2   
06-08-2022 16:11 -35.9   
06-08-2022 16:12 -34.6   
06-08-2022 16:13 -35.1   
06-08-2022 16:14 -36.7   
06-08-2022 16:15 -35.2   
06-08-2022 16:16 -33.5   
06-08-2022 16:17 -32.3   
06-08-2022 16:18 -35.5   
06-08-2022 16:19 -38.6   
06-08-2022 16:20 -37.7   
06-08-2022 16:21 -36.6   
06-08-2022 16:22 -35.4   
06-08-2022 16:23 -34.4   
06-08-2022 16:24 -33.5   
06-08-2022 16:25 -33   
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06-08-2022 16:26 -37.6   
06-08-2022 16:27 -38.7   
06-08-2022 16:28 -38.3   
06-08-2022 16:29 -36.7   
06-08-2022 16:30 -36.7   
06-08-2022 16:31 -39.8   
06-08-2022 16:32 -36.4   

Experimental readings of the heterogeneous mixture of silica gel and 

Molecular Sieve 13x recorded by the dew point transmitter 

 

 

ChannelName MIN MAX AVG 

PV_Dew_Point_Temperature_C -57.4 -47.1 -53.5 

    

LogDateTime 
PV_Dew_Point_ 

Temperature_C   
07-07-2022 17:31 -47.2   
07-07-2022 17:32 -47.1   
07-07-2022 17:33 -48.9   
07-07-2022 17:34 -49.7   
07-07-2022 17:35 -50   
07-07-2022 17:36 -50.1   
07-07-2022 17:37 -50.1   
07-07-2022 17:38 -50.1   
07-07-2022 17:39 -50   
07-07-2022 17:40 -49.7   
07-07-2022 17:41 -49.6   
07-07-2022 17:42 -49.3   
07-07-2022 17:43 -51.1   
07-07-2022 17:44 -52   
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07-07-2022 17:45 -52.4   
07-07-2022 17:46 -52.4   
07-07-2022 17:47 -52.1   
07-07-2022 17:48 -52.3   
07-07-2022 17:49 -52.2   
07-07-2022 17:50 -51.9   
07-07-2022 17:51 -51.6   
07-07-2022 17:52 -52.2   
07-07-2022 17:53 -53.7   
07-07-2022 17:54 -54.2   
07-07-2022 17:55 -54.3   
07-07-2022 17:56 -54.2   
07-07-2022 17:57 -53.8   
07-07-2022 17:58 -53.9   
07-07-2022 17:59 -53.8   
07-07-2022 18:00 -53.5   
07-07-2022 18:01 -53.2   
07-07-2022 18:02 -53.6   
07-07-2022 18:03 -55.4   
07-07-2022 18:04 -56   
07-07-2022 18:05 -56.1   
07-07-2022 18:06 -56.1   
07-07-2022 18:07 -55.8   
07-07-2022 18:08 -55.8   
07-07-2022 18:09 -55.7   
07-07-2022 18:10 -54.2   
07-07-2022 18:11 -53.5   
07-07-2022 18:12 -53.7   
07-07-2022 18:13 -55.5   
07-07-2022 18:14 -56.1   
07-07-2022 18:15 -56.2   
07-07-2022 18:16 -56.1   
07-07-2022 18:17 -55.9   
07-07-2022 18:18 -55.9   
07-07-2022 18:19 -55.9   
07-07-2022 18:20 -55   
07-07-2022 18:21 -54.7   
07-07-2022 18:22 -54.8   
07-07-2022 18:23 -56.6   
07-07-2022 18:24 -57.2   
07-07-2022 18:25 -57.4   
07-07-2022 18:26 -57.3   
07-07-2022 18:27 -57.3   
07-07-2022 18:28 -57.2   
07-07-2022 18:29 -56.9   
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Experimental readings of the heterogeneous mixture of Molecular Sieve 

4A and Molecular Sieve 13x recorded by the dew point transmitter 

 

ChannelName MIN MAX AVG 

PV_Dew_Point_Temperature_C -57.3 19.8 -47.6 

  

LogDateTime 
PV_Dew_Point_ 

Temperature_C 

15-07-2022 14:30:28 19.8 

15-07-2022 14:31:28 19.7 

15-07-2022 14:32:28 19.7 

15-07-2022 14:33:28 19.7 

15-07-2022 14:34:28 19.7 

15-07-2022 14:35:28 -42.9 

15-07-2022 14:36:28 -41.3 

15-07-2022 14:37:28 -45.7 

15-07-2022 14:38:28 -47.6 

15-07-2022 14:39:28 -50.8 

15-07-2022 14:40:28 -51.1 

15-07-2022 14:41:28 -51.7 

15-07-2022 14:42:28 -51.8 

15-07-2022 14:43:28 -51.7 

15-07-2022 14:44:28 -52.1 

15-07-2022 14:45:28 -54.6 

15-07-2022 14:46:28 -55.6 

15-07-2022 14:47:28 -56.1 

15-07-2022 14:48:28 -56.3 

15-07-2022 14:49:28 -56.4 

15-07-2022 14:50:28 -55 

15-07-2022 14:51:28 -55.1 
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15-07-2022 14:52:28 -55.2 

15-07-2022 14:53:28 -54.8 

15-07-2022 14:54:28 -55.1 

15-07-2022 14:55:28 -56.5 

15-07-2022 14:56:28 -56.8 

15-07-2022 14:57:28 -56.9 

15-07-2022 14:58:28 -57.3 

15-07-2022 14:59:28 -57.3 

15-07-2022 15:00:28 -56.4 

15-07-2022 15:01:28 -55.2 

15-07-2022 15:02:28 -55 

15-07-2022 15:03:28 -54.6 

15-07-2022 15:04:28 -54.6 

15-07-2022 15:05:28 -54.9 

15-07-2022 15:06:28 -53.7 

15-07-2022 15:07:28 -52.5 

15-07-2022 15:08:28 -51.6 

15-07-2022 15:09:28 -51.1 

15-07-2022 15:10:28 -50.8 

15-07-2022 15:11:28 -50.8 

15-07-2022 15:12:28 -50.9 

15-07-2022 15:13:28 -50.9 

15-07-2022 15:14:28 -50.9 

15-07-2022 15:15:28 -51 

15-07-2022 15:16:28 -50.9 

15-07-2022 15:17:28 -50.9 

15-07-2022 15:18:28 -50.9 

15-07-2022 15:19:28 -50.8 

15-07-2022 15:20:28 -50.8 

15-07-2022 15:21:28 -50.9 

15-07-2022 15:22:28 -51 

15-07-2022 15:23:28 -51 

15-07-2022 15:24:28 -51.2 

15-07-2022 15:27:28 -51.5 

15-07-2022 15:28:28 -51.6 

15-07-2022 15:29:28 -51.6 

15-07-2022 15:30:28 -51.5 

15-07-2022 15:31:28 -51.6 

15-07-2022 15:32:28 -51.9 

15-07-2022 15:33:28 -51.9 

15-07-2022 15:34:28 -52 

15-07-2022 15:35:28 -52 

15-07-2022 15:36:28 -51.9 

15-07-2022 15:37:28 -52 

15-07-2022 15:38:28 -52.1 
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15-07-2022 15:39:28 -52.1 

15-07-2022 15:40:28 -52.1 

15-07-2022 15:41:28 -52.1 

Experimental readings of the heterogeneous mixture of Molecular Sieve 

4A and silica gel recorded by the dew point transmitter 

ChannelName MIN MAX AVG 

PV_Dew_Point_Temperature_C -45.6 19.7 -33.3 

 

  

LogDateTime 
PV_Dew_Point_ 

Temperature_C 

13-07-2022 12:37:08 19.7 

13-07-2022 12:38:08 19.7 

13-07-2022 12:39:08 -14.9 

13-07-2022 12:40:08 -18.2 

13-07-2022 12:41:08 -19.5 

13-07-2022 12:42:08 -20.1 

13-07-2022 12:43:08 -19.8 

13-07-2022 12:44:08 -22.1 

13-07-2022 12:45:08 -25.1 

13-07-2022 12:46:08 -26.2 

13-07-2022 12:47:08 -26.1 

13-07-2022 12:48:08 -25.6 

13-07-2022 12:49:08 -28.4 

13-07-2022 12:50:08 -29.3 

13-07-2022 12:51:08 -28.8 

13-07-2022 12:52:08 -28.1 

13-07-2022 12:53:08 -27.1 

13-07-2022 12:54:08 -30.4 

13-07-2022 12:55:08 -31 

13-07-2022 12:56:08 -30.8 

13-07-2022 12:57:08 -30.3 

13-07-2022 12:58:08 -29.2 

13-07-2022 12:59:08 -31.7 

13-07-2022 13:00:08 -32.6 

13-07-2022 13:01:08 -32.1 

13-07-2022 13:02:08 -31.3 

13-07-2022 13:03:08 -30.9 

13-07-2022 13:04:08 -35.9 

13-07-2022 13:05:08 -36.4 
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13-07-2022 13:06:08 -36 

13-07-2022 13:07:08 -35.6 

13-07-2022 13:08:08 -34.3 

13-07-2022 13:09:08 -36.3 

13-07-2022 13:10:08 -37.7 

13-07-2022 13:11:08 -37.6 

13-07-2022 13:12:08 -36.6 

13-07-2022 13:13:08 -35.9 

13-07-2022 13:14:08 -39 

13-07-2022 13:15:08 -39.4 

13-07-2022 13:16:08 -38.8 

13-07-2022 13:17:08 -38 

13-07-2022 13:18:08 -37.2 

13-07-2022 13:19:08 -39 

13-07-2022 13:20:08 -39.8 

13-07-2022 13:21:08 -40.1 

13-07-2022 13:22:08 -39 

13-07-2022 13:23:08 -37.8 

13-07-2022 13:24:08 -41.1 

13-07-2022 13:25:08 -41.5 

13-07-2022 13:26:08 -40.9 

13-07-2022 13:27:08 -40 

13-07-2022 13:28:08 -38.6 

13-07-2022 13:29:08 -40.6 

13-07-2022 13:30:08 -41.4 

13-07-2022 13:31:08 -41.9 

13-07-2022 13:32:08 -41.5 

13-07-2022 13:33:08 -40.3 

13-07-2022 13:34:08 -43.4 

13-07-2022 13:35:08 -43.7 

13-07-2022 13:36:08 -43.1 

13-07-2022 13:37:08 -42.1 

13-07-2022 13:38:08 -41.5 

13-07-2022 13:39:08 -43.3 

13-07-2022 13:40:08 -43 

13-07-2022 13:41:08 -43.1 

13-07-2022 13:42:08 -43.5 

13-07-2022 13:43:08 -42.5 

13-07-2022 13:44:08 -45.6 
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Experimental readings of the heterogeneous mixture of activated 

alumina and Molecular Sieve 4A recorded by the dew point transmitter 

 

ChannelName MIN MAX AVG 

PV_Dew_Point_Temp

erature_C 
-48.7 19.7 -33.3 

   

LogDateTime 
PV_Dew_Point_ 

Temperature_C  
13-07-2022 14:35:57 19.7  
13-07-2022 14:36:53 19.2  
13-07-2022 14:37:53 19.2  
13-07-2022 14:38:53 19.2  
13-07-2022 14:39:53 19.2  
13-07-2022 14:40:53 19.1  
13-07-2022 14:41:53 19.2  
13-07-2022 14:42:53 -41.9  
13-07-2022 14:43:53 -41.7  
13-07-2022 14:44:53 -41.4  
13-07-2022 14:45:53 -41.4  
13-07-2022 14:46:53 -48.4  
13-07-2022 14:47:53 -48.7  
13-07-2022 14:48:53 -42.4  
13-07-2022 14:49:53 -41.9  
13-07-2022 14:50:53 -45.2  
13-07-2022 14:51:53 -46.4  
13-07-2022 14:52:53 -47.2  
13-07-2022 14:53:53 -47.2  
13-07-2022 14:54:53 -47.6  
13-07-2022 14:55:53 -45.3  
13-07-2022 14:56:53 -44.9  
13-07-2022 14:57:53 -45.5  
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13-07-2022 14:58:53 -44.4  
13-07-2022 14:59:53 -44.4  
13-07-2022 15:00:53 -41.1  
13-07-2022 15:01:53 -42  
13-07-2022 15:02:53 -41.6  
13-07-2022 15:03:53 -29.6  
13-07-2022 15:04:53 -41.4  
13-07-2022 15:05:53 -25.7  
13-07-2022 15:06:53 -36.1  
13-07-2022 15:07:53 -15.5  
13-07-2022 15:08:53 -44.5  
13-07-2022 15:09:53 -30.9  
13-07-2022 15:10:53 -40.8  
13-07-2022 15:11:53 -43.2  
13-07-2022 15:12:53 -37.2  
13-07-2022 15:13:53 -44.1  
13-07-2022 15:14:53 -27.4  
13-07-2022 15:15:53 -25.1  
13-07-2022 15:16:53 -46.2  
13-07-2022 15:17:53 -47.1  
13-07-2022 15:18:53 -34.4  
13-07-2022 15:19:53 -15.4  
13-07-2022 15:20:53 -41.2  
13-07-2022 15:21:53 -45  
13-07-2022 15:22:53 -42.8  
13-07-2022 15:23:53 -42.8  
13-07-2022 15:24:53 -41  
13-07-2022 15:25:53 -41.3  
13-07-2022 15:26:53 -42.1  
13-07-2022 15:27:53 -42.1  
13-07-2022 15:28:53 -42.2  
13-07-2022 15:29:53 -43.6  
13-07-2022 15:30:53 -42.5  
13-07-2022 15:31:53 -40.9  
13-07-2022 15:32:53 -40.7  
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Experimental readings of testing on Molecular Sieve 4A used to train 

ANN 

TIME 

Process Air 

Out let Dew 

Point 

Temperatur

e C 

Process air 

Inlet Dew 

point 

temperature 

Atmospheric 

relative 

humidity 

Atmospheri

c wet bulb 

temperature 

Process Air 

Inlet 

Relative 

humidity 

Process Air 

Inlet Wet 

Bulb 

Temperatur

e 

14.56 7.4 7.7 30.86 18.8 28.56 18.51 

15.38 6.7 7.7 30.86 18.8 28.56 18.51 

16.34 -20.5 7.7 30.86 18.8 28.56 18.51 

17.34 -20.5 7.7 30.86 18.8 28.56 18.51 

18.34 -20.5 7.7 30.86 18.8 28.56 18.51 

19.34 -20.5 7.7 30.86 18.8 28.56 18.51 

20.34 -27.8 7.7 30.86 18.8 28.56 18.51 

21.34 -40.6 7.7 30.86 18.8 28.56 18.51 

22.34 -41.6 7.7 30.86 18.8 28.56 18.51 

23.34 -43 7.7 30.86 18.8 28.56 18.51 

24.34 -43 7.7 30.86 18.8 28.56 18.51 

25.34 -44.1 7.7 30.86 18.8 28.56 18.51 

26.34 -45.6 7.7 30.86 18.8 28.56 18.51 

27.34 -47.4 7.7 30.86 18.8 28.56 18.51 

28.34 -49.1 7.7 30.86 18.8 28.56 18.51 

29.34 -50.4 7.7 30.86 18.8 28.56 18.51 

30.34 -50.5 7.7 30.86 18.8 28.56 18.51 

31.34 -50.3 7.7 30.86 18.8 28.56 18.51 

32.34 -52.2 7.7 30.86 18.8 28.56 18.51 

33.34 -53.6 7.7 30.86 18.8 28.56 18.51 

34.34 -54.3 7.7 30.86 18.8 28.56 18.51 

35.34 -53.9 7.7 30.86 18.8 28.56 18.51 

36.34 -53.9 7.7 30.86 18.8 28.56 18.51 

37.34 -53.7 7.7 30.86 18.8 28.56 18.51 

38.34 -54.4 7.7 30.86 18.8 28.56 18.51 

39.34 -55 7.7 30.86 18.8 28.56 18.51 

40.34 -55.5 7.7 30.86 18.8 28.56 18.51 

41.34 -54.9 7.7 30.86 18.8 28.56 18.51 

42.34 -55.1 7.7 30.86 18.8 28.56 18.51 

43.34 -55.1 7.7 30.86 18.8 28.56 18.51 

44.34 -56.1 7.7 30.86 18.8 28.56 18.51 

45.34 -54.5 7.7 30.86 18.8 28.56 18.51 

46.34 -54.7 7.7 30.86 18.8 28.56 18.51 

47.34 -55.5 7.7 30.86 18.8 28.56 18.51 

48.34 -56.5 7.7 30.86 18.8 28.56 18.51 

49.34 -57.2 7.7 30.86 18.8 28.56 18.51 
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50.34 -57.1 7.7 30.86 18.8 28.56 18.51 

51.34 -57.6 7.7 30.86 18.8 28.56 18.51 

52.34 -58.2 7.7 30.86 18.8 28.56 18.51 

53.34 -59.2 7.7 30.86 18.8 28.56 18.51 

54.34 -60.4 7.7 30.86 18.8 28.56 18.51 

55.34 -60.6 7.7 30.86 18.8 28.56 18.51 

56.34 -60.3 7.7 30.86 18.8 28.56 18.51 

57.34 -60.3 7.7 30.86 18.8 28.56 18.51 

58.34 -61 7.7 30.86 18.8 28.56 18.51 

59.34 -60.2 7.7 30.86 18.8 28.56 18.51 

60.34 -60.4 7.7 30.86 18.8 28.56 18.51 

61.34 -59.6 7.7 30.86 18.8 28.56 18.51 

62.34 -62.1 7.7 30.86 18.8 28.56 18.51 

63.34 -63.4 7.7 30.86 18.8 28.56 18.51 

64.34 -63.4 7.7 30.86 18.8 28.56 18.51 

65.34 -63.4 7.7 30.86 18.8 28.56 18.51 

66.34 -63.4 7.7 30.86 18.8 28.56 18.51 

67.34 -63.4 7.7 30.86 18.8 28.56 18.51 

68.34 -63.4 7.7 30.86 18.8 28.56 18.51 

69.34 -63.4 7.7 30.86 18.8 28.56 18.51 

70.34 -63.4 7.7 30.86 18.8 28.56 18.51 

71.34 -63.4 7.7 30.86 18.8 28.56 18.51 

72.34 -63.4 7.7 30.86 18.8 28.56 18.51 

73.34 -63.4 7.7 30.86 18.8 28.56 18.51 

74.34 -63.4 7.7 30.86 18.8 28.56 18.51 

75.34 -63.4 7.7 30.86 18.8 28.56 18.51 

76.34 -63.4 7.7 30.86 18.8 28.56 18.51 

77.34 -63.4 7.7 30.86 18.8 28.56 18.51 

78.34 -63.4 7.7 30.86 18.8 28.56 18.51 

79.34 -63.4 7.7 30.86 18.8 28.56 18.51 

80.34 -63.4 7.7 30.86 18.8 28.56 18.51 

81.34 -63.4 7.7 30.86 18.8 28.56 18.51 

82.34 -63.4 7.7 30.86 18.8 28.56 18.51 

83.34 -63.4 7.7 30.86 18.8 28.56 18.51 

84.34 -63.4 7.7 30.86 18.8 28.56 18.51 

85.34 -63.4 7.7 30.86 18.8 28.56 18.51 

86.34 -63.4 7.7 30.86 18.8 28.56 18.51 

87.34 -63.4 7.7 30.86 18.8 28.56 18.51 

88.34 -63.4 7.7 30.86 18.8 28.56 18.51 

89.34 -63.4 7.7 30.86 18.8 28.56 18.51 

90.34 -63.4 7.7 30.86 18.8 28.56 18.51 

91.34 -63.4 7.7 30.86 18.8 28.56 18.51 

92.34 -63.4 7.7 30.86 18.8 28.56 18.51 

93.34 -63.4 7.7 30.86 18.8 28.56 18.51 

94.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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95.34 -63.4 7.7 30.86 18.8 28.56 18.51 

96.34 -63.4 7.7 30.86 18.8 28.56 18.51 

97.34 -63.4 7.7 30.86 18.8 28.56 18.51 

98.34 -63.4 7.7 30.86 18.8 28.56 18.51 

99.34 -63.4 7.7 30.86 18.8 28.56 18.51 

100.34 -63.4 7.7 30.86 18.8 28.56 18.51 

101.34 -63.4 7.7 30.86 18.8 28.56 18.51 

102.34 -63.4 7.7 30.86 18.8 28.56 18.51 

103.34 -63.4 7.7 30.86 18.8 28.56 18.51 

104.34 -63.4 7.7 30.86 18.8 28.56 18.51 

105.34 -63.4 7.7 30.86 18.8 28.56 18.51 

106.34 -63.4 7.7 30.86 18.8 28.56 18.51 

107.34 -63.4 7.7 30.86 18.8 28.56 18.51 

108.34 -63.4 7.7 30.86 18.8 28.56 18.51 

109.34 -63.4 7.7 30.86 18.8 28.56 18.51 

110.34 -63.4 7.7 30.86 18.8 28.56 18.51 

111.34 -63.4 7.7 30.86 18.8 28.56 18.51 

112.34 -63.4 7.7 30.86 18.8 28.56 18.51 

113.34 -63.4 7.7 30.86 18.8 28.56 18.51 

114.34 -63.4 7.7 30.86 18.8 28.56 18.51 

115.34 -63.4 7.7 30.86 18.8 28.56 18.51 

116.34 -63.4 7.7 30.86 18.8 28.56 18.51 

117.34 -63.4 7.7 30.86 18.8 28.56 18.51 

118.34 -63.4 7.7 30.86 18.8 28.56 18.51 

119.34 -63.4 7.7 30.86 18.8 28.56 18.51 

120.34 -63.4 7.7 30.86 18.8 28.56 18.51 

121.34 -63.4 7.7 30.86 18.8 28.56 18.51 

122.34 -63.4 7.7 30.86 18.8 28.56 18.51 

123.34 -63.4 7.7 30.86 18.8 28.56 18.51 

124.34 -63.4 7.7 30.86 18.8 28.56 18.51 

125.34 -63.4 7.7 30.86 18.8 28.56 18.51 

126.34 -63.4 7.7 30.86 18.8 28.56 18.51 

127.34 -63.4 7.7 30.86 18.8 28.56 18.51 

128.34 -63.4 7.7 30.86 18.8 28.56 18.51 

129.34 -63.4 7.7 30.86 18.8 28.56 18.51 

130.34 -63.4 7.7 30.86 18.8 28.56 18.51 

131.34 -63.4 7.7 30.86 18.8 28.56 18.51 

132.34 -63.4 7.7 30.86 18.8 28.56 18.51 

133.34 -63.4 7.7 30.86 18.8 28.56 18.51 

134.34 -63.4 7.7 30.86 18.8 28.56 18.51 

135.34 -63.4 7.7 30.86 18.8 28.56 18.51 

136.34 -63.4 7.7 30.86 18.8 28.56 18.51 

137.34 -63.4 7.7 30.86 18.8 28.56 18.51 

138.34 -63.4 7.7 30.86 18.8 28.56 18.51 

139.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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140.34 -63.4 7.7 30.86 18.8 28.56 18.51 

141.34 -63.4 7.7 30.86 18.8 28.56 18.51 

142.34 -63.4 7.7 30.86 18.8 28.56 18.51 

143.34 -63.4 7.7 30.86 18.8 28.56 18.51 

144.34 -63.4 7.7 30.86 18.8 28.56 18.51 

145.34 -63.4 7.7 30.86 18.8 28.56 18.51 

146.34 -63.4 7.7 30.86 18.8 28.56 18.51 

147.34 -63.4 7.7 30.86 18.8 28.56 18.51 

148.34 -63.4 7.7 30.86 18.8 28.56 18.51 

149.34 -63.4 7.7 30.86 18.8 28.56 18.51 

150.34 -63.4 7.7 30.86 18.8 28.56 18.51 

151.34 -63.4 7.7 30.86 18.8 28.56 18.51 

152.34 -63.4 7.7 30.86 18.8 28.56 18.51 

153.34 -63.4 7.7 30.86 18.8 28.56 18.51 

154.34 -63.4 7.7 30.86 18.8 28.56 18.51 

155.34 -63.4 7.7 30.86 18.8 28.56 18.51 

156.34 -63.4 7.7 30.86 18.8 28.56 18.51 

157.34 -63.4 7.7 30.86 18.8 28.56 18.51 

158.34 -63.4 7.7 30.86 18.8 28.56 18.51 

159.34 -63.4 7.7 30.86 18.8 28.56 18.51 

160.34 -63.4 7.7 30.86 18.8 28.56 18.51 

161.34 -63.4 7.7 30.86 18.8 28.56 18.51 

162.34 -63.4 7.7 30.86 18.8 28.56 18.51 

163.34 -63.4 7.7 30.86 18.8 28.56 18.51 

164.34 -63.4 7.7 30.86 18.8 28.56 18.51 

165.34 -63.4 7.7 30.86 18.8 28.56 18.51 

166.34 -63.4 7.7 30.86 18.8 28.56 18.51 

167.34 -63.4 7.7 30.86 18.8 28.56 18.51 

168.34 -63.4 7.7 30.86 18.8 28.56 18.51 

169.34 -63.4 7.7 30.86 18.8 28.56 18.51 

170.34 -63.4 7.7 30.86 18.8 28.56 18.51 

171.34 -63.4 7.7 30.86 18.8 28.56 18.51 

172.34 -63.4 7.7 30.86 18.8 28.56 18.51 

173.34 -63.4 7.7 30.86 18.8 28.56 18.51 

174.34 -63.4 7.7 30.86 18.8 28.56 18.51 

175.34 -63.4 7.7 30.86 18.8 28.56 18.51 

176.34 -63.4 7.7 30.86 18.8 28.56 18.51 

177.34 -63.4 7.7 30.86 18.8 28.56 18.51 

178.34 -63.4 7.7 30.86 18.8 28.56 18.51 

179.34 -63.4 7.7 30.86 18.8 28.56 18.51 

180.34 -63.4 7.7 30.86 18.8 28.56 18.51 

181.34 -63.4 7.7 30.86 18.8 28.56 18.51 

182.34 -63.4 7.7 30.86 18.8 28.56 18.51 

183.34 -63.4 7.7 30.86 18.8 28.56 18.51 

184.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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185.34 -63.4 7.7 30.86 18.8 28.56 18.51 

186.34 -63.4 7.7 30.86 18.8 28.56 18.51 

187.34 -63.4 7.7 30.86 18.8 28.56 18.51 

188.34 -63.4 7.7 30.86 18.8 28.56 18.51 

189.34 -63.4 7.7 30.86 18.8 28.56 18.51 

190.34 -63.4 7.7 30.86 18.8 28.56 18.51 

191.34 -63.4 7.7 30.86 18.8 28.56 18.51 

192.34 -63.4 7.7 30.86 18.8 28.56 18.51 

193.34 -63.4 7.7 30.86 18.8 28.56 18.51 

194.34 -63.4 7.7 30.86 18.8 28.56 18.51 

195.34 -63.4 7.7 30.86 18.8 28.56 18.51 

196.34 -63.4 7.7 30.86 18.8 28.56 18.51 

197.34 -63.4 7.7 30.86 18.8 28.56 18.51 

198.34 -63.4 7.7 30.86 18.8 28.56 18.51 

199.34 -63.4 7.7 30.86 18.8 28.56 18.51 

200.34 -63.4 7.7 30.86 18.8 28.56 18.51 

201.34 -63.4 7.7 30.86 18.8 28.56 18.51 

202.34 -63.4 7.7 30.86 18.8 28.56 18.51 

203.34 -63.4 7.7 30.86 18.8 28.56 18.51 

204.34 -63.4 7.7 30.86 18.8 28.56 18.51 

205.34 -63.4 7.7 30.86 18.8 28.56 18.51 

206.34 -63.4 7.7 30.86 18.8 28.56 18.51 

207.34 -63.4 7.7 30.86 18.8 28.56 18.51 

208.34 -63.4 7.7 30.86 18.8 28.56 18.51 

209.34 -63.4 7.7 30.86 18.8 28.56 18.51 

210.34 -63.4 7.7 30.86 18.8 28.56 18.51 

211.34 -63.4 7.7 30.86 18.8 28.56 18.51 

212.34 -63.4 7.7 30.86 18.8 28.56 18.51 

213.34 -63.4 7.7 30.86 18.8 28.56 18.51 

214.34 -63.4 7.7 30.86 18.8 28.56 18.51 

215.34 -63.4 7.7 30.86 18.8 28.56 18.51 

216.34 -63.4 7.7 30.86 18.8 28.56 18.51 

217.34 -63.4 7.7 30.86 18.8 28.56 18.51 

218.34 -63.4 7.7 30.86 18.8 28.56 18.51 

219.34 -63.4 7.7 30.86 18.8 28.56 18.51 

220.34 -63.4 7.7 30.86 18.8 28.56 18.51 

221.34 -63.4 7.7 30.86 18.8 28.56 18.51 

222.34 -63.4 7.7 30.86 18.8 28.56 18.51 

223.34 -63.4 7.7 30.86 18.8 28.56 18.51 

224.34 -63.4 7.7 30.86 18.8 28.56 18.51 

225.34 -63.4 7.7 30.86 18.8 28.56 18.51 

226.34 -63.4 7.7 30.86 18.8 28.56 18.51 

227.34 -63.4 7.7 30.86 18.8 28.56 18.51 

228.34 -63.4 7.7 30.86 18.8 28.56 18.51 

229.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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230.34 -63.4 7.7 30.86 18.8 28.56 18.51 

231.34 -63.4 7.7 30.86 18.8 28.56 18.51 

232.34 -63.4 7.7 30.86 18.8 28.56 18.51 

233.34 -63.4 7.7 30.86 18.8 28.56 18.51 

234.34 -63.4 7.7 30.86 18.8 28.56 18.51 

235.34 -63.4 7.7 30.86 18.8 28.56 18.51 

236.34 -63.4 7.7 30.86 18.8 28.56 18.51 

237.34 -63.4 7.7 30.86 18.8 28.56 18.51 

238.34 -63.4 7.7 30.86 18.8 28.56 18.51 

239.34 -63.4 7.7 30.86 18.8 28.56 18.51 

240.34 -63.4 7.7 30.86 18.8 28.56 18.51 

241.34 -63.4 7.7 30.86 18.8 28.56 18.51 

242.34 -63.4 7.7 30.86 18.8 28.56 18.51 

243.34 -63.4 7.7 30.86 18.8 28.56 18.51 

244.34 -63.4 7.7 30.86 18.8 28.56 18.51 

245.34 -63.4 7.7 30.86 18.8 28.56 18.51 

246.34 -63.4 7.7 30.86 18.8 28.56 18.51 

247.34 -63.4 7.7 30.86 18.8 28.56 18.51 

248.34 -63.4 7.7 30.86 18.8 28.56 18.51 

249.34 -63.4 7.7 30.86 18.8 28.56 18.51 

250.34 -63.4 7.7 30.86 18.8 28.56 18.51 

251.34 -63.4 7.7 30.86 18.8 28.56 18.51 

252.34 -63.4 7.7 30.86 18.8 28.56 18.51 

253.34 -63.4 7.7 30.86 18.8 28.56 18.51 

254.34 -63.4 7.7 30.86 18.8 28.56 18.51 

255.34 -63.4 7.7 30.86 18.8 28.56 18.51 

256.34 -63.4 7.7 30.86 18.8 28.56 18.51 

257.34 -63.4 7.7 30.86 18.8 28.56 18.51 

258.34 -63.4 7.7 30.86 18.8 28.56 18.51 

259.34 -63.4 7.7 30.86 18.8 28.56 18.51 

260.34 -63.4 7.7 30.86 18.8 28.56 18.51 

261.34 -63.4 7.7 30.86 18.8 28.56 18.51 

262.34 -63.4 7.7 30.86 18.8 28.56 18.51 

263.34 -63.4 7.7 30.86 18.8 28.56 18.51 

264.34 -63.4 7.7 30.86 18.8 28.56 18.51 

265.34 -63.4 7.7 30.86 18.8 28.56 18.51 

266.34 -63.4 7.7 30.86 18.8 28.56 18.51 

267.34 -63.4 7.7 30.86 18.8 28.56 18.51 

268.34 -63.4 7.7 30.86 18.8 28.56 18.51 

269.34 -63.4 7.7 30.86 18.8 28.56 18.51 

270.34 -63.4 7.7 30.86 18.8 28.56 18.51 

271.34 -63.4 7.7 30.86 18.8 28.56 18.51 

272.34 -63.4 7.7 30.86 18.8 28.56 18.51 

273.34 -63.4 7.7 30.86 18.8 28.56 18.51 

274.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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275.34 -63.4 7.7 30.86 18.8 28.56 18.51 

276.34 -63.4 7.7 30.86 18.8 28.56 18.51 

277.34 -63.4 7.7 30.86 18.8 28.56 18.51 

278.34 -63.4 7.7 30.86 18.8 28.56 18.51 

279.34 -63.4 7.7 30.86 18.8 28.56 18.51 

280.34 -63.4 7.7 30.86 18.8 28.56 18.51 

281.34 -63.4 7.7 30.86 18.8 28.56 18.51 

282.34 -63.4 7.7 30.86 18.8 28.56 18.51 

283.34 -63.4 7.7 30.86 18.8 28.56 18.51 

284.34 -63.4 7.7 30.86 18.8 28.56 18.51 

285.34 -63.4 7.7 30.86 18.8 28.56 18.51 

286.34 -63.4 7.7 30.86 18.8 28.56 18.51 

287.34 -63.4 7.7 30.86 18.8 28.56 18.51 

288.34 -63.4 7.7 30.86 18.8 28.56 18.51 

289.34 -63.4 7.7 30.86 18.8 28.56 18.51 

290.34 -63.4 7.7 30.86 18.8 28.56 18.51 

291.34 -63.4 7.7 30.86 18.8 28.56 18.51 

292.34 -63.4 7.7 30.86 18.8 28.56 18.51 

293.34 -63.4 7.7 30.86 18.8 28.56 18.51 

294.34 -63.4 7.7 30.86 18.8 28.56 18.51 

295.34 -63.4 7.7 30.86 18.8 28.56 18.51 

296.34 -63.4 7.7 30.86 18.8 28.56 18.51 

297.34 -63.4 7.7 30.86 18.8 28.56 18.51 

298.34 -63.4 7.7 30.86 18.8 28.56 18.51 

299.34 -63.4 7.7 30.86 18.8 28.56 18.51 

300.34 -63.4 7.7 30.86 18.8 28.56 18.51 

301.34 -63.4 7.7 30.86 18.8 28.56 18.51 

302.34 -63.4 7.7 30.86 18.8 28.56 18.51 

303.34 -63.4 7.7 30.86 18.8 28.56 18.51 

304.34 -63.4 7.7 30.86 18.8 28.56 18.51 

305.34 -63.4 7.7 30.86 18.8 28.56 18.51 

306.34 -63.4 7.7 30.86 18.8 28.56 18.51 

307.34 -63.4 7.7 30.86 18.8 28.56 18.51 

308.34 -63.4 7.7 30.86 18.8 28.56 18.51 

309.34 -63.4 7.7 30.86 18.8 28.56 18.51 

310.34 -63.4 7.7 30.86 18.8 28.56 18.51 

311.34 -63.4 7.7 30.86 18.8 28.56 18.51 

312.34 -63.4 7.7 30.86 18.8 28.56 18.51 

313.34 -63.4 7.7 30.86 18.8 28.56 18.51 

314.34 -63.4 7.7 30.86 18.8 28.56 18.51 

315.34 -63.4 7.7 30.86 18.8 28.56 18.51 

316.34 -63.4 7.7 30.86 18.8 28.56 18.51 

317.34 -63.4 7.7 30.86 18.8 28.56 18.51 

318.34 -63.4 7.7 30.86 18.8 28.56 18.51 

319.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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320.34 -63.4 7.7 30.86 18.8 28.56 18.51 

321.34 -63.4 7.7 30.86 18.8 28.56 18.51 

322.34 -63.4 7.7 30.86 18.8 28.56 18.51 

323.34 -63.4 7.7 30.86 18.8 28.56 18.51 

324.34 -63.4 7.7 30.86 18.8 28.56 18.51 

325.34 -63.4 7.7 30.86 18.8 28.56 18.51 

326.34 -63.4 7.7 30.86 18.8 28.56 18.51 

327.34 -63.4 7.7 30.86 18.8 28.56 18.51 

328.34 -63.4 7.7 30.86 18.8 28.56 18.51 

329.34 -63.4 7.7 30.86 18.8 28.56 18.51 

330.34 -63.4 7.7 30.86 18.8 28.56 18.51 

331.34 -63.4 7.7 30.86 18.8 28.56 18.51 

332.34 -63.4 7.7 30.86 18.8 28.56 18.51 

333.34 -63.4 7.7 30.86 18.8 28.56 18.51 

334.34 -63.4 7.7 30.86 18.8 28.56 18.51 

335.34 -63.4 7.7 30.86 18.8 28.56 18.51 

336.34 -63.4 7.7 30.86 18.8 28.56 18.51 

337.34 -63.4 7.7 30.86 18.8 28.56 18.51 

338.34 -63.4 7.7 30.86 18.8 28.56 18.51 

339.34 -63.4 7.7 30.86 18.8 28.56 18.51 

340.34 -63.4 7.7 30.86 18.8 28.56 18.51 

341.34 -63.4 7.7 30.86 18.8 28.56 18.51 

342.34 -63.4 7.7 30.86 18.8 28.56 18.51 

343.34 -63.4 7.7 30.86 18.8 28.56 18.51 

344.34 -63.4 7.7 30.86 18.8 28.56 18.51 

345.34 -63.4 7.7 30.86 18.8 28.56 18.51 

346.34 -63.4 7.7 30.86 18.8 28.56 18.51 

347.34 -63.4 7.7 30.86 18.8 28.56 18.51 

348.34 -63.4 7.7 30.86 18.8 28.56 18.51 

349.34 -63.4 7.7 30.86 18.8 28.56 18.51 

350.34 -63.4 7.7 30.86 18.8 28.56 18.51 

351.34 -63.4 7.7 30.86 18.8 28.56 18.51 

352.34 -63.4 7.7 30.86 18.8 28.56 18.51 

353.34 -63.4 7.7 30.86 18.8 28.56 18.51 

354.34 -63.4 7.7 30.86 18.8 28.56 18.51 

355.34 -63.4 7.7 30.86 18.8 28.56 18.51 

356.34 -63.4 7.7 30.86 18.8 28.56 18.51 

357.34 -63.4 7.7 30.86 18.8 28.56 18.51 

358.34 -63.4 7.7 30.86 18.8 28.56 18.51 

359.34 -63.4 7.7 30.86 18.8 28.56 18.51 

360.34 -63.4 7.7 30.86 18.8 28.56 18.51 

361.34 -63.4 7.7 30.86 18.8 28.56 18.51 

362.34 -63.4 7.7 30.86 18.8 28.56 18.51 

363.34 -63.4 7.7 30.86 18.8 28.56 18.51 

364.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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365.34 -63.4 7.7 30.86 18.8 28.56 18.51 

366.34 -63.4 7.7 30.86 18.8 28.56 18.51 

367.34 -63.4 7.7 30.86 18.8 28.56 18.51 

368.34 -63.4 7.7 30.86 18.8 28.56 18.51 

369.34 -63.4 7.7 30.86 18.8 28.56 18.51 

370.34 -63.4 7.7 30.86 18.8 28.56 18.51 

371.34 -63.4 7.7 30.86 18.8 28.56 18.51 

372.34 -63.4 7.7 30.86 18.8 28.56 18.51 

373.34 -63.4 7.7 30.86 18.8 28.56 18.51 

374.34 -63.4 7.7 30.86 18.8 28.56 18.51 

375.34 -63.4 7.7 30.86 18.8 28.56 18.51 

376.34 -63.4 7.7 30.86 18.8 28.56 18.51 

377.34 -63.4 7.7 30.86 18.8 28.56 18.51 

378.34 -63.4 7.7 30.86 18.8 28.56 18.51 

379.34 -63.4 7.7 30.86 18.8 28.56 18.51 

380.34 -63.4 7.7 30.86 18.8 28.56 18.51 

381.34 -63.4 7.7 30.86 18.8 28.56 18.51 

382.34 -63.4 7.7 30.86 18.8 28.56 18.51 

383.34 -63.4 7.7 30.86 18.8 28.56 18.51 

384.34 -63.4 7.7 30.86 18.8 28.56 18.51 

385.34 -63.4 7.7 30.86 18.8 28.56 18.51 

386.34 -63.4 7.7 30.86 18.8 28.56 18.51 

387.34 -63.4 7.7 30.86 18.8 28.56 18.51 

388.34 -63.4 7.7 30.86 18.8 28.56 18.51 

389.34 -63.4 7.7 30.86 18.8 28.56 18.51 

390.34 -63.4 7.7 30.86 18.8 28.56 18.51 

391.34 -63.4 7.7 30.86 18.8 28.56 18.51 

392.34 -63.4 7.7 30.86 18.8 28.56 18.51 

393.34 -63.4 7.7 30.86 18.8 28.56 18.51 

394.34 -63.4 7.7 30.86 18.8 28.56 18.51 

395.34 -63.4 7.7 30.86 18.8 28.56 18.51 

396.34 -63.4 7.7 30.86 18.8 28.56 18.51 

397.34 -63.4 7.7 30.86 18.8 28.56 18.51 

398.34 -63.4 7.7 30.86 18.8 28.56 18.51 

399.34 -63.4 7.7 30.86 18.8 28.56 18.51 

400.34 -63.4 7.7 30.86 18.8 28.56 18.51 

401.34 -63.4 7.7 30.86 18.8 28.56 18.51 

402.34 -63.4 7.7 30.86 18.8 28.56 18.51 

403.34 -63.4 7.7 30.86 18.8 28.56 18.51 

404.34 -63.4 7.7 30.86 18.8 28.56 18.51 

405.34 -63.4 7.7 30.86 18.8 28.56 18.51 

406.34 -63.4 7.7 30.86 18.8 28.56 18.51 

407.34 -63.4 7.7 30.86 18.8 28.56 18.51 

408.34 -63.4 7.7 30.86 18.8 28.56 18.51 

409.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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410.34 -63.4 7.7 30.86 18.8 28.56 18.51 

411.34 -63.4 7.7 30.86 18.8 28.56 18.51 

412.34 -63.4 7.7 30.86 18.8 28.56 18.51 

413.34 -63.4 7.7 30.86 18.8 28.56 18.51 

414.34 -63.4 7.7 30.86 18.8 28.56 18.51 

415.34 -63.4 7.7 30.86 18.8 28.56 18.51 

416.34 -63.4 7.7 30.86 18.8 28.56 18.51 

417.34 -63.4 7.7 30.86 18.8 28.56 18.51 

418.34 -63.4 7.7 30.86 18.8 28.56 18.51 

419.34 -63.4 7.7 30.86 18.8 28.56 18.51 

420.34 -63.4 7.7 30.86 18.8 28.56 18.51 

421.34 -63.4 7.7 30.86 18.8 28.56 18.51 

422.34 -63.4 7.7 30.86 18.8 28.56 18.51 

423.34 -63.4 7.7 30.86 18.8 28.56 18.51 

424.34 -63.4 7.7 30.86 18.8 28.56 18.51 

425.34 -63.4 7.7 30.86 18.8 28.56 18.51 

426.34 -63.4 7.7 30.86 18.8 28.56 18.51 

427.34 -63.4 7.7 30.86 18.8 28.56 18.51 

428.34 -63.4 7.7 30.86 18.8 28.56 18.51 

429.34 -63.4 7.7 30.86 18.8 28.56 18.51 

430.34 -63.4 7.7 30.86 18.8 28.56 18.51 

431.34 -63.4 7.7 30.86 18.8 28.56 18.51 

432.34 -63.4 7.7 30.86 18.8 28.56 18.51 

433.34 -63.4 7.7 30.86 18.8 28.56 18.51 

434.34 -63.4 7.7 30.86 18.8 28.56 18.51 

435.34 -63.4 7.7 30.86 18.8 28.56 18.51 

436.34 -63.4 7.7 30.86 18.8 28.56 18.51 

437.34 -63.4 7.7 30.86 18.8 28.56 18.51 

438.34 -63.4 7.7 30.86 18.8 28.56 18.51 

439.34 -63.4 7.7 30.86 18.8 28.56 18.51 

440.34 -63.4 7.7 30.86 18.8 28.56 18.51 

441.34 -63.4 7.7 30.86 18.8 28.56 18.51 

442.34 -63.4 7.7 30.86 18.8 28.56 18.51 

443.34 -63.4 7.7 30.86 18.8 28.56 18.51 

444.34 -63.4 7.7 30.86 18.8 28.56 18.51 

445.34 -63.4 7.7 30.86 18.8 28.56 18.51 

446.34 -63.4 7.7 30.86 18.8 28.56 18.51 

447.34 -63.4 7.7 30.86 18.8 28.56 18.51 

448.34 -63.4 7.7 30.86 18.8 28.56 18.51 

449.34 -63.4 7.7 30.86 18.8 28.56 18.51 

450.34 -63.4 7.7 30.86 18.8 28.56 18.51 

451.34 -63.4 7.7 30.86 18.8 28.56 18.51 

452.34 -63.4 7.7 30.86 18.8 28.56 18.51 

453.34 -63.4 7.7 30.86 18.8 28.56 18.51 

454.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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455.34 -63.4 7.7 30.86 18.8 28.56 18.51 

456.34 -63.4 7.7 30.86 18.8 28.56 18.51 

457.34 -63.4 7.7 30.86 18.8 28.56 18.51 

458.34 -63.4 7.7 30.86 18.8 28.56 18.51 

459.34 -63.4 7.7 30.86 18.8 28.56 18.51 

460.34 -63.4 7.7 30.86 18.8 28.56 18.51 

461.34 -63.4 7.7 30.86 18.8 28.56 18.51 

462.34 -63.4 7.7 30.86 18.8 28.56 18.51 

463.34 -63.4 7.7 30.86 18.8 28.56 18.51 

464.34 -63.4 7.7 30.86 18.8 28.56 18.51 

465.34 -63.4 7.7 30.86 18.8 28.56 18.51 

466.34 -63.4 7.7 30.86 18.8 28.56 18.51 

467.34 -63.4 7.7 30.86 18.8 28.56 18.51 

468.34 -63.4 7.7 30.86 18.8 28.56 18.51 

469.34 -63.4 7.7 30.86 18.8 28.56 18.51 

470.34 -63.4 7.7 30.86 18.8 28.56 18.51 

471.34 -63.4 7.7 30.86 18.8 28.56 18.51 

472.34 -63.4 7.7 30.86 18.8 28.56 18.51 

473.34 -63.4 7.7 30.86 18.8 28.56 18.51 

474.34 -63.4 7.7 30.86 18.8 28.56 18.51 

475.34 -63.4 7.7 30.86 18.8 28.56 18.51 

476.34 -63.4 7.7 30.86 18.8 28.56 18.51 

477.34 -63.4 7.7 30.86 18.8 28.56 18.51 

478.34 -63.4 7.7 30.86 18.8 28.56 18.51 

479.34 -63.4 7.7 30.86 18.8 28.56 18.51 

480.34 -63.4 7.7 30.86 18.8 28.56 18.51 

481.34 -63.4 7.7 30.86 18.8 28.56 18.51 

482.34 -63.4 7.7 30.86 18.8 28.56 18.51 

483.34 -63.4 7.7 30.86 18.8 28.56 18.51 

484.34 -63.4 7.7 30.86 18.8 28.56 18.51 

485.34 -63.4 7.7 30.86 18.8 28.56 18.51 

486.34 -63.4 7.7 30.86 18.8 28.56 18.51 

487.34 -63.4 7.7 30.86 18.8 28.56 18.51 

488.34 -63.4 7.7 30.86 18.8 28.56 18.51 

489.34 -63.4 7.7 30.86 18.8 28.56 18.51 

490.34 -63.4 7.7 30.86 18.8 28.56 18.51 

491.34 -63.4 7.7 30.86 18.8 28.56 18.51 

492.34 -63.4 7.7 30.86 18.8 28.56 18.51 

493.34 -63.4 7.7 30.86 18.8 28.56 18.51 

494.34 -63.4 7.7 30.86 18.8 28.56 18.51 

495.34 -63.4 7.7 30.86 18.8 28.56 18.51 

496.34 -63.4 7.7 30.86 18.8 28.56 18.51 

497.34 -63.4 7.7 30.86 18.8 28.56 18.51 

498.34 -63.4 7.7 30.86 18.8 28.56 18.51 

499.34 -63.4 7.7 30.86 18.8 28.56 18.51 



 

130 

 

500.34 -63.4 7.7 30.86 18.8 28.56 18.51 

501.34 -63.4 7.7 30.86 18.8 28.56 18.51 

502.34 -63.4 7.7 30.86 18.8 28.56 18.51 

503.34 -63.4 7.7 30.86 18.8 28.56 18.51 

504.34 -63.4 7.7 30.86 18.8 28.56 18.51 

505.34 -63.4 7.7 30.86 18.8 28.56 18.51 

506.34 -63.4 7.7 30.86 18.8 28.56 18.51 

507.34 -63.4 7.7 30.86 18.8 28.56 18.51 

508.34 -63.4 7.7 30.86 18.8 28.56 18.51 

509.34 -63.4 7.7 30.86 18.8 28.56 18.51 

510.34 -63.4 7.7 30.86 18.8 28.56 18.51 

511.34 -63.4 7.7 30.86 18.8 28.56 18.51 

512.34 -63.4 7.7 30.86 18.8 28.56 18.51 

513.34 -63.4 7.7 30.86 18.8 28.56 18.51 

514.34 -63.4 7.7 30.86 18.8 28.56 18.51 

515.34 -63.4 7.7 30.86 18.8 28.56 18.51 

516.34 -63.4 7.7 30.86 18.8 28.56 18.51 

517.34 -63.4 7.7 30.86 18.8 28.56 18.51 

518.34 -63.4 7.7 30.86 18.8 28.56 18.51 

519.34 -63.4 7.7 30.86 18.8 28.56 18.51 

520.34 -63.4 7.7 30.86 18.8 28.56 18.51 

521.34 -63.4 7.7 30.86 18.8 28.56 18.51 

522.34 -63.4 7.7 30.86 18.8 28.56 18.51 

523.34 -63.4 7.7 30.86 18.8 28.56 18.51 

524.34 -63.4 7.7 30.86 18.8 28.56 18.51 

525.34 -63.4 7.7 30.86 18.8 28.56 18.51 

526.34 -63.4 7.7 30.86 18.8 28.56 18.51 

527.34 -63.4 7.7 30.86 18.8 28.56 18.51 

528.34 -63.4 7.7 30.86 18.8 28.56 18.51 

529.34 -63.4 7.7 30.86 18.8 28.56 18.51 

530.34 -63.4 7.7 30.86 18.8 28.56 18.51 

531.34 -63.4 7.7 30.86 18.8 28.56 18.51 

532.34 -63.4 7.7 30.86 18.8 28.56 18.51 

533.34 -63.4 7.7 30.86 18.8 28.56 18.51 

534.34 -63.4 7.7 30.86 18.8 28.56 18.51 

535.34 -63.4 7.7 30.86 18.8 28.56 18.51 

536.34 -63.4 7.7 30.86 18.8 28.56 18.51 

537.34 -63.4 7.7 30.86 18.8 28.56 18.51 

538.34 -63.4 7.7 30.86 18.8 28.56 18.51 

539.34 -63.4 7.7 30.86 18.8 28.56 18.51 

540.34 -63.4 7.7 30.86 18.8 28.56 18.51 

541.34 -63.4 7.7 30.86 18.8 28.56 18.51 

542.34 -63.4 7.7 30.86 18.8 28.56 18.51 

543.34 -63.4 7.7 30.86 18.8 28.56 18.51 

544.34 -63.4 7.7 30.86 18.8 28.56 18.51 
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545.34 -63.4 7.7 30.86 18.8 28.56 18.51 

546.34 -63.4 7.7 30.86 18.8 28.56 18.51 

547.34 -63.4 7.7 30.86 18.8 28.56 18.51 

548.34 -63.4 7.7 30.86 18.8 28.56 18.51 

549.34 -63.4 7.7 30.86 18.8 28.56 18.51 

550.34 -63.4 7.7 30.86 18.8 28.56 18.51 

551.34 -63.4 7.7 30.86 18.8 28.56 18.51 

552.34 -63.4 7.7 30.86 18.8 28.56 18.51 

553.34 -63.4 7.7 30.86 18.8 28.56 18.51 

554.34 -63.4 7.7 30.86 18.8 28.56 18.51 

555.34 -63.4 7.7 30.86 18.8 28.56 18.51 

556.34 -63.4 7.7 30.86 18.8 28.56 18.51 

557.34 -63.4 7.7 30.86 18.8 28.56 18.51 

558.34 -63.4 7.7 30.86 18.8 28.56 18.51 

559.34 -63.4 7.7 30.86 18.8 28.56 18.51 

560.34 -63.4 7.7 30.86 18.8 28.56 18.51 

561.34 -63.4 7.7 30.86 18.8 28.56 18.51 

562.34 -63.4 7.7 30.86 18.8 28.56 18.51 

 

Experimental readings of testing on silica gel used to train ANN 

SL 

no. 
Time 

Inlet Dry 

Bulb 

Temp 

Outlet 

Dew 

point 

Tempera

ture 

Inlet 

Relative 

humidity 

Inlet wet 

bulb 

temperat

ure 

Outlet 

relative 

humidity 

Moisture 

Removal 

Effective

ness 

1  4:58:03 31 -18.5 28.4 14.6 15.01 22.4952 47.147 

2 04:58:59 31 -20.6 28.4 14.6 15.01 22.4952 47.14 

3 04:59:59 31 -20.5 28.4 14.6 15.01 22.4952 47.14 

4 05:00:34 31 -20.6 28.4 14.6 15.01 22.4952 47.14 

5 05:01:30 31 -20.5 28.4 14.6 15.01 22.4952 47.14 

6 05:02:30 31 -20.5 28.4 14.6 15.01 22.4952 47.14 

7 05:03:30 31 -38.7 28.4 14.6 15.01 22.4952 47.14 

8 05:04:30 31 -39.5 28.4 14.6 15.01 22.4952 47.14 

9 05:05:30 31 -40.2 28.4 14.6 15.01 22.4952 47.14 

10 05:06:30 31 -40.3 28.4 14.6 15.01 22.4952 47.14 

11 05:07:30 31 -42.3 28.4 14.6 15.01 22.4952 47.14 

12  5:08:30 31 -42.4 28.4 14.6 15.01 22.4952 47.14 

13 05:09:30 31 -44.1 28.4 14.6 15.01 22.4952 47.14 

14 05:10:30 31 -44.8 28.4 14.6 15.01 22.4952 47.14 

15 05:11:30 31 -45.1 28.4 14.6 15.01 22.4952 47.14 

16 05:12:30 31 -45 28.4 14.6 15.01 22.4952 47.14 

17 05:13:30 31.50 -45.7 28.4 14.6 15.01 22.4952 47.14 
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18 05:14:30 31.50 -46.6 28.4 14.6 15.01 22.4952 47.14 

19 05:15:30 31.50 -47.3 28.4 14.6 15.01 22.4952 47.14 

20 05:16:30 31.50 -47.1 28.4 14.6 15.01 22.4952 47.14 

21 05:17:30 31.50 -46.7 28.4 14.6 15.01 22.4952 47.14 

22 05:18:30 31.50 -46.7 28.4 14.6 15.01 22.4952 47.14 

23 05:19:30 31.50 -47.6 28.4 14.6 15.01 22.4952 47.14 

24 05:20:30 31.50 -48.7 28.4 14.6 15.01 22.4952 47.14 

25 05:21:30 31.50 -49.5 28.4 14.6 15.01 22.4952 47.14 

26 05:22:30 31.50 -49.9 28.4 14.6 15.01 22.4952 47.14 

27 05:23:30 31.50 -49.4 28.4 14.6 15.01 22.4952 47.14 

28 05:24:30 31.50 -49.5 28.4 14.6 15.01 22.4952 47.14 

29 05:25:30 31.50 -49 28.4 14.6 15.01 22.4952 47.14 

30 05:26:30 31.50 -48.9 28.41 14.61 15.02 22.4952 47.131 

31 05:27:30 31.50 -48.9 28.41 14.61 15.02 22.4952 47.131 

32 05:28:30 31.50 -50.5 28.41 14.61 15.02 22.4952 47.131 

33 05:29:30 31.50 -51.2 28.41 14.61 15.02 22.4952 47.131 

34 05:30:30 31.50 -51.5 28.41 14.61 15.02 22.4952 47.131 

35 05:31:30 31.50 -51.4 28.41 14.61 15.02 22.4952 47.131 

36 05:32:30 31.50 -49.4 28.41 14.61 15.02 22.4952 47.131 

37 05:33:30 31.50 -50.3 28.41 14.61 15.02 22.4952 47.131 

38 05:34:30 31.50 -51.1 28.41 14.61 15.02 22.4952 47.131 

39 05:35:30 31.50 -51.1 28.42 14.62 15.02 22.512 47.149 

40 05:36:30 31.50 -50.6 28.42 14.62 15.01 22.5288 47.185 

41 05:37:30 31.50 -49.6 28.42 14.62 15.02 22.512 47.149 

42 05:38:30 31.50 -50.4 28.42 14.62 15.02 22.512 47.149 

43 05:39:30 31.50 -51.5 28.42 14.62 15.02 22.512 47.149 

44 05:40:30 31.50 -52.5 28.42 14.62 15.02 22.512 47.149 

45 05:41:30 31.50 -53.3 28.43 14.63 15.02 22.5288 47.16 

46 05:42:30 31.50 -52.5 28.43 14.63 15.02 22.5288 47.16 

47 05:43:30 31.50 -52.6 28.43 14.63 15.02 22.5288 47.16 

48 05:44:30 31.50 -52.3 28.43 14.63 15.02 22.5288 47.16 

49 05:45:30 31.50 -51.7 28.43 14.63 15.02 22.5288 47.16 

50 05:46:30 31.50 -51.3 28.43 14.63 15.02 22.5288 47.16 

51 05:47:30 31.50 -52.4 28.43 14.63 15.02 22.5288 47.16 

52 05:48:30 31.50 -53.9 28.43 14.63 15.02 22.5288 47.16 

53 05:49:30 31.50 -54.7 28.43 14.63 15.03 22.512 47.13 

54 05:50:30 31.50 -54.9 28.43 14.63 15.03 22.512 47.13 

55 05:51:30 31.50 -54.7 28.43 14.63 15.03 22.512 47.13 

56 05:52:30 31.50 -53.9 28.44 14.64 15.03 22.5288 47.15 

57 05:53:30 31.50 -54 28.44 14.64 15.03 22.5288 47.15 

58 05:54:30 31.50 -53.9 28.44 14.64 15.03 22.5288 47.15 

59 05:55:30 31.50 -53.4 28.44 14.64 15.03 22.5288 47.15 

60 05:56:30 31.50 -53.7 28.44 14.64 15.03 22.5288 47.15 

61 05:57:30 31.50 -54.4 28.44 14.64 15.04 22.512 47.11 

62 05:58:30 31.50 -55.7 28.44 14.64 15.04 22.512 47.114 
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63 05:59:30 31.50 -56.3 28.44 14.64 15.04 22.512 47.114 

64 06:00:30 31.50 -56.2 28.44 14.64 15.04 22.512 47.114 

65 06:01:30 31.50 -56 28.45 14.65 15.04 22.5288 47.135 

66 06:02:30 31.50 -52.9 28.45 14.65 15.04 22.5288 47.135 

67 06:03:30 31.50 -50.5 28.45 14.65 15.04 22.5288 47.135 

68 06:04:30 31.50 -49.8 28.45 14.65 15.04 22.5288 47.135 

69 06:05:30 31.50 -45.8 28.45 14.65 15.04 22.5288 47.135 

70 06:06:30 31.50 -48.4 28.45 14.65 15.05 22.512 47.10 

71 06:07:30 31.50 -52.2 28.45 14.65 15.05 22.512 47.10 

72 06:08:30 31.50 -52.9 28.45 14.65 15.05 22.512 47.10 

73 06:09:30 31.50 -52.7 28.45 14.65 15.05 22.512 47.10 

74 06:10:30 31.50 -52.1 28.45 14.65 15.05 22.512 47.10 

75 06:11:30 31.50 -52 28.45 14.65 15.05 22.512 47.10 

76 06:12:30 31.50 -53.1 28.45 14.65 15.05 22.512 47.10 

77 06:13:30 31.50 -53.2 28.46 14.66 15.05 22.5288 47.12 

78 06:14:30 31.50 -52.6 28.46 14.66 15.05 22.5288 47.12 

79 06:15:30 31.50 -52.2 28.46 14.66 15.05 22.5288 47.12 

80 06:16:30 31.50 -51.8 28.46 14.66 15.06 22.512 47.08 

81 06:17:30 31.50 -52.9 28.46 14.66 15.05 22.5288 47.12 

82 06:18:30 31.50 -51.5 28.47 14.67 15.05 22.5456 47.14 

83 06:19:30 31.50 -50.6 28.47 14.67 15.05 22.5456 47.14 

84 06:20:30 31.50 -50.6 28.47 14.67 15.05 22.5456 47.14 

85 06:21:30 31.50 -50.6 28.47 14.67 15.05 22.5456 47.14 

86 06:22:30 31.50 -50.6 28.47 14.67 15.06 22.5288 47.10 

87 06:23:30 31.50 -50.6 28.48 14.68 15.06 22.5456 47.12 

88 06:24:30 31.50 -50.6 28.48 14.68 15.06 22.5456 47.12 

89 06:25:30 31.50 -51.5 28.48 14.68 15.06 22.5456 47.12 

90 06:26:30 32.00 -51.8 28.48 14.68 15.06 22.5456 47.12 

91 06:27:30 32.00 -50.5 28.48 14.68 15.06 22.5456 47.12 

92 06:28:30 32.00 -51.1 28.48 14.68 15.06 22.5456 47.12 

93 06:29:30 32.00 -51.1 28.48 14.68 15.06 22.5456 47.12 

94 06:30:30 32.00 -50.6 28.49 14.69 15.06 22.5624 47.14 

95 06:31:30 32.00 -50.6 28.49 14.69 15.04 22.596 47.21 

96 06:32:30 32.00 -52.2 28.49 14.69 15.06 22.5624 47.14 

97 06:33:30 32.00 -51.8 28.49 14.69 15.06 22.5624 47.14 

98 06:34:30 32.00 -52.9 28.49 14.69 15.07 22.5456 47.10 

99 06:35:30 32.00 -51.5 28.49 14.69 15.07 22.5456 47.10 

100 06:36:30 32.00 -53.1 28.49 14.69 15.07 22.5456 47.10 

101 06:37:30 32.00 -53.2 28.49 14.69 15.07 22.5456 47.10 

102 06:38:30 32.00 -53.2 28.49 14.69 15.07 22.5456 47.10 

103 06:39:30 32.00 -53.2 28.49 14.69 15.06 22.5624 47.14 

104 06:40:30 32.00 -53.2 28.5 14.7 15.08 22.5456 47.09 

105 06:41:30 32.00 -53.2 28.5 14.7 15.08 22.5456 47.09 

106 06:42:30 32.00 -53.2 28.5 14.7 15.08 22.5456 47.09 

107 06:43:30 32.00 -53.2 28.5 14.7 15.08 22.5456 47.09 
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108 06:44:30 32.00 -53.2 28.5 14.7 15.08 22.5456 47.09 

109 06:45:30 32.00 -53.2 28.5 14.7 15.08 22.5456 47.09 

110 06:46:30 32.00 -53.2 28.51 14.71 15.08 22.5624 47.11 

111 06:47:30 32.00 -53.2 28.51 14.71 15.08 22.5624 47.11 

112 06:48:30 32.00 -53.2 28.51 14.71 15.08 22.5624 47.11 

113 06:49:30 32.00 -53.2 28.51 14.71 15.08 22.5624 47.11 

114 06:50:30 32.00 -53.2 28.51 14.71 15.08 22.5624 47.11 

115 06:51:30 32.00 -53.2 28.51 14.71 15.08 22.5624 47.11 

116 06:52:30 32.00 -53.2 28.51 14.71 15.09 22.5456 47.07 

117 06:53:30 32.00 -53.2 28.52 14.72 15.09 22.5624 47.09 

118 06:54:30 32.00 -53.2 28.52 14.72 15.09 22.5624 47.09 

119 06:55:30 32.00 -53.2 28.52 14.72 15.09 22.5624 47.09 

120 06:56:30 32.00 -52.2 28.52 14.72 15.07 22.596 47.16 

121 06:57:30 32.00 -52.2 28.52 14.72 15.09 22.5624 47.09 

122 06:58:30 32.00 -51.8 28.52 14.72 15.09 22.5624 47.09 

123 06:59:30 32.00 -51.4 28.52 14.72 15.09 22.5624 47.09 

124 07:00:30 32.00 -51 28.53 14.73 15.09 22.5792 47.11 

125 07:01:30 32.00 -50.6 28.53 14.73 15.1 22.5624 47.07 

126 07:02:30 32.00 -50.2 28.53 14.73 15.1 22.5624 47.07 

127 07:03:30 32.00 -50.2 28.53 14.73 15.1 22.5624 47.07 

128 07:04:30 32.00 -50.2 28.53 14.73 15.1 22.5624 47.07 

129 07:05:30 32.00 -50.2 28.53 14.73 15.1 22.5624 47.07 

130 07:06:30 32.00 -50.2 28.53 14.73 15.1 22.5624 47.07 

131 07:07:30 32.00 -50.2 28.53 14.73 15.12 22.5288 47.00 

132 07:08:30 32.00 -50.2 28.53 14.73 15.12 22.5288 47.00 

133 07:09:30 32.00 -50.2 28.53 14.73 15.12 22.5288 47.00 

134 07:10:30 32.00 -50.2 28.53 14.73 15.12 22.5288 47.00 

135 07:11:30 32.00 -50.2 28.53 14.73 15.12 22.5288 47.00 

136 07:12:30 32.00 -50.2 28.53 14.73 15.12 22.5288 47.00 

137 07:13:30 32.00 -50.2 28.54 14.74 15.12 22.5456 47.02 

138 07:14:30 32.00 -51.5 28.54 14.74 15.12 22.5456 47.02 

139 07:15:30 32.00 -51.5 28.54 14.74 15.12 22.5456 47.02 

140 07:16:30 32.00 -51.5 28.54 14.74 15.12 22.5456 47.02 

141 07:17:30 32.00 -50.2 28.54 14.74 15.12 22.5456 47.02 

142 07:18:30 32.00 -50.2 28.54 14.74 15.12 22.5456 47.02 

143 07:19:30 32.00 -51.5 28.54 14.74 15.11 22.5624 47.06 

144 07:20:30 32.00 -50.2 28.54 14.74 15.13 22.5288 46.99 

145 07:21:30 32.00 -53.1 28.54 14.74 15.13 22.5288 46.99 

146 07:22:30 32.00 -53.2 28.54 14.74 15.13 22.5288 46.99 

147 07:23:30 32.00 -52.6 28.54 14.74 15.13 22.5288 46.99 

148 07:24:30 32.00 -52.2 28.54 14.74 15.13 22.5288 46.99 

149 07:25:30 32.00 -51.8 28.54 14.74 15.13 22.5288 46.99 

150 07:26:30 32.00 -52.9 28.54 14.74 15.13 22.5288 46.99 

151 07:27:30 32.00 -51.5 28.54 14.74 15.13 22.5288 46.99 

152 07:28:30 32.00 -50.6 28.54 14.74 15.13 22.5288 46.99 
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153 07:29:30 32.05 -52.2 28.55 14.75 15.13 22.5456 47.01 

154 07:30:30 32.05 -52.9 28.55 14.75 15.14 22.5288 46.97 

155 07:31:30 32.05 -52.7 28.55 14.75 15.14 22.5288 46.97 

156 07:32:30 32.05 -52.1 28.55 14.75 15.14 22.5288 46.97 

157 07:33:30 32.05 -52 28.55 14.75 15.14 22.5288 46.97 

158 07:34:30 32.05 -53.1 28.55 14.75 15.14 22.5288 46.97 

159 07:35:30 32.05 -53.2 28.55 14.75 15.14 22.5288 46.97 

160 07:36:30 32.05 -52.6 28.55 14.75 15.14 22.5288 46.97 

161 07:37:30 32.05 -52.2 28.55 14.75 15.15 22.512 46.94 

162 07:38:30 32.05 -51.8 28.55 14.75 15.15 22.512 46.94 

163 07:39:30 32.05 -52.9 28.55 14.75 15.15 22.512 46.94 

164 07:40:30 32.05 -51.5 28.55 14.75 15.15 22.512 46.94 

165 07:41:30 32.05 -53.2 28.55 14.75 15.15 22.512 46.94 

166 07:42:30 32.05 -52.6 28.55 14.75 15.15 22.512 46.94 

167 07:43:30 32.05 -52.2 28.55 14.75 15.15 22.512 46.94 

168 07:44:30 32.05 -51.8 28.55 14.75 15.15 22.512 46.94 

169 07:45:30 32.05 -52.9 28.55 14.75 15.15 22.512 46.94 

170 07:46:30 32.05 -51.5 28.55 14.75 15.16 22.4952 46.90 

171 07:47:30 32.05 -50.6 28.56 14.76 15.16 22.512 46.92 

172 07:48:30 32.05 -50.6 28.56 14.76 15.16 22.512 46.92 

173 07:49:30 32.05 -50.6 28.56 14.76 15.16 22.512 46.92 

174 07:50:30 32.05 -50.6 28.56 14.76 15.16 22.512 46.92 

175 07:51:30 32.05 -50.6 28.56 14.76 15.17 22.4952 46.88 

176 07:52:30 32.05 -50.6 28.56 14.76 15.17 22.4952 46.88 

177 07:53:30 33.05 -51.5 28.56 14.76 15.17 22.4952 46.88 

178 07:54:30 33.05 -51.8 28.56 14.76 15.17 22.4952 46.88 

179 07:55:30 33.05 -50.6 28.56 14.76 15.17 22.4952 46.88 

180 07:56:30 33.05 -50.6 28.56 14.76 15.17 22.4952 46.88 

181 07:57:30 33.05 -50.6 28.56 14.76 15.17 22.4952 46.88 

182 07:58:30 33.05 -50.6 28.56 14.76 15.18 22.4784 46.85 

183 07:59:30 33.05 -50.6 28.56 14.76 15.18 22.4784 46.85 

184 08:00:30 33.05 -51.5 28.56 14.76 15.18 22.4784 46.85 
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ANNEXURE-E Uncertainty Analysis 

 

It is incredibly challenging to measure physical quantities accurately. When measuring any 

physical quantity, there are always uncertainties due to technical, physical, and human 

shortcomings. Klein's Method is used to calculate uncertainty analysis and can be 

represented as. 

 

 𝑤𝑟 = [(
𝜕𝑅

𝜕𝑥1
𝑤1)

2

+ (
𝜕𝑅

𝜕𝑥1
𝑤1)

2

+ ⋯ … … … + (
𝜕𝑅

𝜕𝑥1
𝑤1)

2

]

1
2

 (D.1) 

 

Here, R is a predefined function of the independent variables x1, x2,.., xn, and w1, w2,.., wn 

are the corresponding variables' uncertainty. 

 

To determine the performance of the desiccant in the heatless air dryer, the following 

calculation of moisture removal rate and dehumidifier effectiveness are performed. 

 𝑋 = 𝑚𝑎 (𝑍1  −  𝑍2) (5) 

 

Where,  

𝑚𝑎 = the mass flow rate of the compressed air at the inlet of the dehumidification tower.  

𝑍1= the compressed air humidity ratios at the input. 

𝑍2= the compressed air humidity ratios at the output. 

 

The dehumidification tower's effectiveness 𝜀𝐷𝑊 is calculated as the ratio of the change in 

real air humidity ratio to the highest feasible change in humidity ratio. 

  𝜀𝐷𝑊 =
(𝑍1 −  𝑍2)

(𝑍1 − 𝑍2 𝑖𝑑𝑒𝑎𝑙)
 (6) 

 

Where, 

The ideal humidity ratio of the air stream at the desiccant dehumidifier's exit is 𝑍2 𝑖𝑑𝑒𝑎𝑙 . The 

value of 𝑍2 𝑖𝑑𝑒𝑎𝑙 is set to zero by presuming that the air is totally dehumidified at this 

stage.(Jani et al., 2016c) 
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Step-1 Uncertainty in measurement devices. 

TABLE B.1 Uncertainty in measurement devices 

Sr. 

No. 
Device Name Parameter Nomenclature Unit Uncertainty 

1 Hygrometer 
Humidity 

Ratio 
Z 

g/kg of 

dry air 
± 2% 

2 
Dew point 

Temperature 

Transmitter 

Temperature T ℃ ± 0.5°C 

 

Values of fixed properties 

TABLE B.2 Values of fixed properties 

Sr. 

No. 

Name of Property Nomenclature Unit Value 

1 Air flow rate 𝑚𝑎 m3/hr  

 
16.99 

2 Compressed air humidity ratios at the 

input 
𝑍1 g/kg of 

dry air  

 

28.4 

3 Compressed air humidity ratios at the 

output 
𝑍2 g/kg of 

dry air  

 

15 

4 Moisture Removal Rate X kg/hr 0.0225 

 

Step-2 Calculation of uncertainty in measurement devices. 

 

𝑤𝑋 = [(
𝜕𝑋

𝜕𝑚𝑎
𝑤𝑚𝑎

)
2

+ (
𝜕𝑋

𝜕𝑍1
𝑤𝑍1

)
2

+ (
𝜕𝑋

𝜕𝑍2
𝑤𝑍2

)
2

]

1
2

 

 
𝜕𝑋

𝜕𝑚𝑎
= (𝑍1 − 𝑍2) = 13.4 

 

 
𝜕𝑋

𝜕𝑍1
= 𝑚𝑎 = 0.00168 

 

 
𝜕𝑋

𝜕𝑍2
= 𝑚𝑎 = 0.00168 
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By putting values in equation 1, uncertainty in  𝑤𝑋 is 0.07182 kg/hr. Thus, uncertainties in 

moisture removal rate measurement can be given by following relation. 

 
𝜕𝑋

𝑋
∗ 100 = ±7.18% 

Hence it can be said the uncertainty in results of moisture removal rate is ±7.18% 
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