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ABSTRACT 

ontrolled environment is mandatory and often highly desirable in many industries specifically 

pharmaceutical in our case. Numerous research work has been carried out in dehumidification 

technology and different industries employing different methodologies to control the environment 

parameters. But the thirst to never-ending experiments has lead the world towards desiccant based 

technology because of its high efficiency and low-capital cost. 

It has been observed that adsorbents based on single chemical specie like Silica often have low 

performance in dehumidification as compared with the composite ones. These composite based 

adsorbents often contain two or more than two species of different characteristics but often exhibits 

certain issues. The scope of this document is widely spread from research and development to fabrication 

of the testing prototype. Also, the psychrometric parameters and configuration of flow arrangements of 

air are highly dependent on the nature of desiccant being used. The regenerative nature not only 

dependent on the temperature conditions but also may vary from material to material.  

Impregnated composite adsorbents like the one made by synthesizing Activated Carbon, Silica-Gel, and 

Calcium Chloride together can be a good candidate for low-temperature heat-driven adsorption 

dehumidification systems. It was obtained through soaking mechanism for different time-periods in order 

to select the optimal one. During the process, the Silica impregnation time was fixed and same 

concentration of Sodium Silicate solution was used in all cases. The two important parameters studied 

were the effect of different concentrations of Calcium Chloride aqueous solution and the impregnation or 

soaking time. Through this, different samples were tested and one of the samples involving – 48 hours of 

Sodium Silicate impregnation time and 72 hours of Calcium Chloride impregnation time, containing 10 

weight % Sodium Silicate solution and 46 weight % Calcium Chloride solution – had given the most optimal 

result and found to be an effective adsorbent for desiccant wheel dehumidification systems due to its 

good sorption/desorption nature without using elevated temperature. 

A testing prototype consisting of nine wheels in total was made, forming sets of three wheels with three 

wheels joined followed by combining altogether as one. Two portions were made on the wheel for process 

and regenerative air in order to dehumidify and regenerate simultaneously. The wheel was operated with 

chain driven DC motor with idles to obtain the slowest speed possible by mechanical means. A Pulse Width 

Modulation (PWM) circuit was further added to have more control over the speed. Slits were made on 

each set of three wheels in the similar fashion and joined as a cross-shaped orientation for enhancing the 

contact time between material and air. Metal strips were used as a host-matrix to hold the desiccant 

material inside the wheel and can be replaced upon need of further testing. 
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Chapter 01 

Introduction 

1.1. Background of Study 

This report will give the concept about the importance of Dehumidification and its techniques, why it is 

necessary in industrial applications, which materials or composites can perform effective 

dehumidification, the arrangements mostly used and all the other parameters necessary through which 

an effective result can be obtained. But before heading towards the actual topic we will discuss its counter 

phenomenon which is of equal importance in making an understanding about dehumidification. 

Humidification and Dehumidification are vice versa phenomenon of each other. 

1.1.1. Humidification 

The addition of moisture content or water vapors in a gas (air) without changing its dry bulb temperature 

is called humidification process. Pure humidification doesn’t affect the dry bulb temperature but that is 

not possible because heating and cooling of the air always accompany humidification i.e. change occurs 

in its dry bulb temperature. This phenomenon is implemented in HVAC applications.  (Pesaran, 1994) 

1.1.2. Introduction to Dehumidification 

A process which involves the removal of the moisture content or humidity from the air without altering 

its dry bulb temperature is known as Dehumidification. Like the pure humidification process, in actual 

practice the pure dehumidification process is not possible, since cooling or heating of the air always 

accompanies the dehumidification. Dehumidification process along with cooling or heating of air is used 

in number of air conditioning applications. (Novel Aire Technologies) 

1.1.3. Dehumidifier  

The equipment used for dehumidification is simply a dehumidifier. The dehumidifier comes in varies sizes 

depending upon the area of operation. It can either be for household purposes or industrial purposes. 

According to their operation, dehumidifiers removes water from the conditioned air. This extracted water 

(condensate) is not normally used for drinking purpose, and it is often discarded. Some designs, such as 

the ionic membrane dehumidifier, dispose of excess water in the form of vapor rather than liquid form. 

The energy efficiency of dehumidifiers can vary widely. 

https://en.wikipedia.org/wiki/Condensation
https://en.wikipedia.org/wiki/Efficient_energy_use
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1.1.4.  Technology & Methodology Used  

Dehumidification can be carried out via different techniques to achieve the effective results, but the 

techniques applied have certain pros and cons which make them decisive according to the parameters 

being applied. Most commonly used techniques for dehumidification includes; 

o Refrigeration-based Dehumidification. 

o Desiccant Dehumidification. 

Both desiccant dehumidifiers and mechanical refrigeration based systems can extract  moisture content 

from the air, but the question is which system is best suited for a given application? 

 Both desiccant-based and refrigeration-based dehumidification systems work most efficiently when used 

together. The advantages of each compensate for the limitations of the other. 

1.1.5.  Refrigeration-Based Dehumidification 

 Refrigeration-based dehumidification systems are more 

economical than the desiccants at elevated temperatures 

and high moisture levels. Generally, mechanical refrigeration 

systems are rarely used for applications below 45% relative 

humidity. For example, for maintaining an outlet condition of 

40% RH it would be necessary to bring the coil temperature 

down to 30º F, which results in the formation of ice on the 

coil and a reduction in moisture removal capacity. Efforts to 

prevent this (defrost cycles, tandem coils, brine solutions 

etc.) can be very cumbersome and expensive.  (Bry-Air, Inc.) 

1.1.6.  Desiccant Dehumidification 

Desiccant-based systems are more economical than 

the refrigeration systems at lower temperatures and 

lower moisture levels. Generally, a desiccant 

dehumidification system is utilized for applications 

below 45% RH down to 1% RH. Thus, in many 

applications, chilled water pre-cooling system is 

mounted directly at the dehumidifier inlet. This 

design   removes   much of the initial heat and 

moisture prior to entering the dehumidifier where the 

moisture is reduced even further.  

The difference in the prices of electrical energy and thermal energy (i.e. natural gas or steam) will give the 

idea of the ideal combo of desiccant to refrigeration-based dehumidification in each application. If thermal 

energy is inexpensive and power costs are expensive, a desiccant based system will be most economical 

 

Figure 1.1-2  Desiccant Wheel Operation (Courtesy: DR Group) 

 

Figure 1.1-1  Saturation Conditions of Air (Courtesy: Munters 

http://bry-air.com/dehumidification/bry-air-products/
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to remove the bulk of the moisture from the air. If power is inexpensive and thermal energy for 

reactivation is a lot of worth, a refrigeration based system is the most efficient choice. 

1.2.  Origin of Idea 

The idea of this project was highlighted by the AGP Pvt. Ltd., which is a renown pharmaceutical company 

in Pakistan. The drugs require environment free from moisture, because any sort of moisture possesses 

the tendency to contaminate the quality and effectivity of those drugs and all the moisture sensitive 

substances being used in a pharmaceutical company. The dehumidifier which is being used for achieving 

their specified dry air is basically an equipment of a Swedish Company, namely, MUNTERS® which is 

involved in the businesses of refrigeration, dehumidification, and climate quality control etc. A sealed 

rotor is installed in the dehumidifier into which a desiccant material is charged, which is responsible for 

the adsorption of the moisture content from the ambient air. The desiccant material inside the rotor is 

only known by the Munters company themselves; their secret recipe, which is obviously patented. The 

code names are given for the specific composition composite materials by which they can be sold out to 

the commercial and international market.   (Munters Corporation, 2009) 

Therefore, the dehumidifier which consists of the desiccant material and is costly due to its international 

standard and because of its secret desiccant coating material which impacts the costs of the Pharma 

company. Though this cost will not effect that much because the dehumidifiers can work properly through 

years, but in fact this project depicts the idea to research and develop that hygroscopic desiccant material 

by which we can obtain result near to or exactly equal to the Munters equipment. This idea if successfully 

tried and analyzed and reaches a conclusive result, then there will be no need to look through the costly 

international companies, instead the Pharmaceutical company can put their feet into another business 

which will be beneficial for them and as well as the other pharmaceutical companies so that they do not 

have to buy costly international brands. 

The task requires hit and trial experimentations, thorough analyzation of properties, monitorization of 

various parameters, synthesizing, changing process conditions and other necessary steps and then finally 

concluding the final selected coated material.  

1.2.1. About MUNTERS® 

Munters is a global leader in energy efficient air treatment solutions. Munters manufactures engineered 

products that can economically control humidity and temperature, provide energy recovery, and utilize 

direct or indirect evaporative cooling for comfort, process and environmental protection. With permanent 

or temporary solutions, Munters offers a wide variety of options to meet specific climate, application and 

budget requirements. Munters has net sales approaching $1 billion USD with more than 20 manufacturing 

facilities across the globe and sales offices in over 30 countries. 

Talking about the equipment for the dehumidification purposes the Munters dehumidifiers are globally 

renowned. Today it is generally accepted that all high performance industrial dehumidifiers employ 

desiccant wheel technology. Munters Corporation first pioneered this simple and effective technology 
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more than 50 years ago, when Honeycomb dehumidifiers were first introduced. The world famous 

Swedish scientist Carl Munters (the inventor of Styrofoam and foam rubber), developed these rotors, in 

conjunction with the American founder of Cargocaire, Commander Oliver Colvin. 

1.2.2.  Munters® Dehumidifier                                                                                          

The Munters have a wide range of dehumidifiers consisting of assorted designs, capacities, mode of 

operation, rotor orientations and according to variable process conditions and applications. The most 

essential component of a desiccant dehumidifier is the Honeycomb shaped Desiccant Rotor onto which 

desiccant material is placed which performs the dehumidification.  (Munters Corporation, 2009) 

1.2.3.  How a Honeycomb Rotor Works? 

The operation of a Honeycomb dehumidifier is based on the principle of sorption. Sorption is the 

adsorption or the absorption process by which a desiccant removes water vapor directly from the air. 

When the air to be dried passes through the Honeycomb rotor, the desiccant removes the water vapor 

directly from the air and holds it while the wheel rotates. As the moisture-laden desiccant passes through 

the reactivation sector, the water vapor is transferred to a heated air stream, which is exhausted to the 

outside. The process is continuous, allowing for uninterrupted dehumidification. (Novel Aire Technologies) 

1.3. Significance of the Project  

This project is significant as it is diversified in many practical applications each of which shares equal 

importance in the commercial and industrial sector. In Pakistan, every sector which requires air to be 

dehumidified up to the maximum extent i.e. drugs industry, food industry etc.  will all require an efficient 

dehumidifier which can be costly and may consume time to buy because renowned brands exist 

internationally and buying them internationally means the cost of freights plus the cost of equipment and 

the custom duty charges as well have to be paid which makes the cost almost 150% or even 200% in some 

cases. In Pakistan, no business has ever been established in this regard that is why we must rely on the 

international brands. To overcome this problem the most important parameter is the awareness of the 

desiccant material being used in the rotor, but that is the undisclosed constraint by every company into 

this business. 

That is why this project has been offered to conduct R&D of the desiccant coating material, to attempt an 

effort to discover a material which can help in giving exactly same or nearly equal amount of moisture 

removal from the air. This effort may be completed in only one trial or may take up to as many as possible, 

depending upon the precision of the result. The success of this project will enable the locals to commerce 

with the national companies who will start making dehumidifiers. Consequently, this will eliminate all the 

extra costs and become feasible for all the those who demand. 
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1.3.1. Why Desiccant based Dehumidification? 

Desiccant technology has an edge over the refrigeration based dehumidification in the aspects of 

regeneration, wash ability, Moisture Removal Capacity (MRC) and the stability of the dehumidification 

media. It has always been economical to implement the desiccant based technology at the industrial 

sector because the refrigeration based system involves an evaporator and a condenser whose 

maintenance and durability factor comes into play which is a factor that can lead to the extra costs while 

the desiccant technology provides the regeneration of the media. 

1.3.2.  Desiccant Options 

If we talk about the Munters®, to meet their customers’ varying performance requirements, they offer a 

choice of six desiccant wheels – Titanium silica gel, lithium chloride, GTR, HPX, HCR and molecular sieve. 

For more than 50 years, Munters has conducted extensive research and development to improve the 

desiccant wheel. Munters six desiccant options provide the widest range of dehumidification available in 

the market today. All Munters wheels are backed by a five-year warranty. 

1.3.3.  Munters® Innovations in Technology 

Munters have invested significantly in the research and development of modern technologies to provide 

its customers with the most recent advancements within the desiccant dehumidification field. A dedicated 

research and development team has allowed Munters to continuously offer new and innovative solutions 

to their customers. Munters most recent developments have focused on energy efficiency and reduced 

environmental impact. 

1.3.4.  Global Desiccant Wheel Market 

Desiccant wheels are experiencing a large amount of demands from different industrial sectors such as 

food and beverages, pharmaceuticals, and chemicals for improving the regulatory standards related to 

the Relative Humidity (RH) level in the production. The reduction in the cost of electricity and the 

portability of the desiccant wheel are expected to increase globally over the next few years. However, 

desiccant dehumidifiers have already shown their ability to be more effective than the refrigerant based 

dehumidifiers.  (Transparency Market Research, 2016) 

Market research states that the global desiccant wheel market will grow at a strong pace in the next few 

years. The market is predicted to increase at a 4.9% CAGR from 2016 to 2024. If the foreseen research 

held true than the market which valued at US$296.5 M in 2015 is expected to increase up to US$463 M 

by 2024. 

Out of all other desiccants the silica gel dominates others by a sizeable margin of about 68% in the overall 

market in 2015-16 
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1.3.5.  Market in Asia Pacific 

North American desiccant wheel market has held a dominant position in 2015. High adoption of the 

desiccant wheel system for the dehumidification purposes in the pharmaceutical and chemical industry 

has helped the North American Market to stay ahead of other regional markets. 

However, due to the flourishing business and the establishing infrastructure, Asia Pacific desiccant wheel 

market is expected to outbound North America, unveiling a CAGR of 6.2% in the forecast period. In Asia 

Pacific, emerging economies like China and India are anticipated to run the desiccant wheel market. These 

countries have many producing plants and their number is anticipated to grow further during the forecast 

period. Furthermore, increasing concentration of desiccant wheel manufacturers and product varieties 

with comparatively lower prices is also expected to drive the market during the forecast period. 

1.3.6.  Companies Involve Around the World 

The global desiccant technology market is by far the most competitive in terms of the services and the 

products offered. The most renowned into this business internationally is Munters, which nearly earned 

33% of its revenue from the sales of desiccant wheel product, services, and solution in 2015, the key to 

their high repute is their innovations in their technology and adding latest products and services in their 

portfolio.  (Transparency Market Research, 2016) 

Other notable vendors in this sector are Trane, Novel Aire Technologies, Rotor Source, DRI, Flakt Woods 

Group etc. 

1.3.7.  Global Environmental Impact as Compared to other Methods 

The increased industrial emissions like carbon and greenhouse gases like nitrous oxide and methane from 

different sort of industry processes has resulted in a global rise in temperature due to which high humidity 

levels have been concentrated in the atmosphere, these factors drive the need for the dehumidification. 

Figure 1.3-1 Global Cumulative Average Growth Rate Indicator (Source: Transparency Market Research) 
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Therefore, the desiccant technology as compared to the condenser based dehumidification is much more 

soothing for the environment because it just adsorbs the moisture from the air and makes the 

environment according to the human comfort level and performs regeneration as well while the 

refrigeration based systems at a large scale emit the heat from the evaporator and condenser into the 

environment which in turn heats up the atmosphere along with dehumidification. 

Practically the refrigerant based dehumidification is less preferred because of the de-rating of the 

condensers and because they produce greater sound in the environment while the desiccant based system 

is quieter and lighter in weight. 

1.3.8.  Efficiency Description in Terms of Cost Saving 

The use of the desiccant technology is much more comfortable when the financials are concerned because 

there is no maintenance required, there is only regeneration, there are no coils unlike in the condensers 

in the refrigeration based dehumidification. There is no de-rating hectic of the condensers, the only factor 

to consider is the saturation of the dehumidification media. 

1.4. The Objective: What this Project is all about? 

The main aim of this project is to carry out a comprehensive research on desiccant material followed by 

the development of it. Previously, it has been observed that single material based desiccants are often 

inefficient when it comes to performance on large-scale and this is what has paved the way for composite 

based desiccants. The scope of this project covers a wide area in this regard. Also, it includes the 

development of a testing prototype on which the experiments can be performed. For the ease of 

understanding, a chart can be seen below: 

 

 

 

 

1.4.1. Key Points in the Project 

Although composite based desiccants are highly effective in dehumidification purposes but there are 

several factors associated with it that govern the performance and its reliability. During the research, we 

Design & Development of Desiccant Material with 
Fabrication of Testing Prototype

Research & 
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Research on 
Psychrometry
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have obtained the following major points that should be considered in analyzing the results of a desiccant 

material: 

o Sorption Capacity  

This is possibly the main factor that should be considered. Sorption not only depends upon the nature of 

desiccant material but also its particle size, precisely the surface area. The driving force mechanism also 

plays an important role in this regard. Often, Relative Humidity is the factor but under certain conditions 

overall temperature, pressure condition might affect the capacity. Also, it has been come under notice 

that the flow arrangements of the process and regeneration air as well as the psychrometric parameters 

of the air can have viral effect on the desiccant sorption capability.  (American Standard Companies, 2005) 

o Regenerative Ability 

 Another major point and an important issue to cater in the case of desiccant material, often some 

materials who perform very well when it comes to sorption will be resistive towards desorption under 

standard conditions and require high temperature condition to desorb. This elevated temperature 

condition may lead to many problems, the most common being no sorption after reaching saturation 

conditions.  (Fischer, 2011) 

o Phase Changing 

 Leaving the Host Matrix: It depends on many factors, not all can be analyzed sufficiently but this will 

happen only when the composite material is temperature as well as moisture sensitive otherwise, most 

of the composite based desiccants do not leave their host matrix. In our case, the desiccant hosting 

elements are the metal strips which are tightly placed in the wheel’s slits and can be removed upon need. 

1.5. Product Outcome 

1.5.1. Composite Based Desiccant Vs Ordinary One 

Desiccant materials have also undergone advancement as in all other technologies. Desiccants made by 

combining varied materials to gather the suitable properties of numerous materials have a better 

performance in all aspects as compared to pure material. Desiccant composite particle, in which the 

unutilized portion of the spherical desiccant particle is replaced with a particle which is better in 

performance, 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 can be increased and more 

amount of desiccant material can effectively be utilized.   

1.5.2. Cost of Making 

Calculating cost of making the desiccant material, prototype and testing is a crucial factor in analyzing how 

economically efficient the project is. The project comprises of three parts, the prototype construction of 

a desiccant wheel on which the material is to be tested, the material composition and the testing to extract 

useful results out of it which will later be employed in AGP Pharma. 
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The prototype has been made for which the wood, blowers, fittings, motors, and housing material was 

acquired. Each of the material was bought after thorough market survey to get the material of highest 

quality and lowest cost.  

The cost of the chemicals needed for desiccant material composition is relatively high but once the 

desiccant of required properties is composed the energy requirements of dehumidification decreases. 

Also, the material is regenerative and lasts longer so overall the cost of making is compensated for the 

work taken by the desiccant.     

The chemical material cost shall be borne by the company sponsoring our research. 

At this phase of the project the cost analysis is difficult to be performed but a general idea can be given 

when compared to the conventional ways of dehumidifying air. The desiccant wheel technology is a 

breakthrough in dehumidification process. To overcome the shortcomings of huge energy consumption 

from conventional dehumidification desiccant wheel is used nowadays. Desiccant wheel is an energy 

efficient and cost-effective method of dehumidification. 

1.5.3. Feasibility 

The solid desiccant cooling system is primarily based on the application of solid-based desiccant materials 

in controlling air moisture content. The sorption mechanism in the solid material is either through 

absorption or adsorption. Cooling by means of heat recovery, evaporative cooling or other means are 

applied to the system. The solid desiccant material is the most widely used in desiccant cooling system. 

This is due to the simple handling of desiccant materials. The desiccant material is typically impregnated 

to the honeycomb designed wheels or of the cross-flow heat exchangers. 

The desiccant wheel has more than double the Coefficient of performance (Energy Efficiency Ratio) of 

desiccant cooling systems. They are up to three times more energy efficient than conventional 

(Pennington) systems when operating on low temperature heat such as that from solar heat collectors, 

fuel cells or CHP systems. 

These breakthroughs are timely. Hydrocarbon waste products into the atmosphere to produce electricity. 

1.5.4. Environmental impact 

Environment is a major concern these days. We humans have already polluted the earth enough so the 

focus lies on the environment friendly technologies.  

Rising needs amongst the public is increasing the demand for energy, which could lead to an exponential 

rise in hydrocarbon emissions. Desiccants can reduce and even eliminate reliance on refrigerants and 

contribute to a reduction in carbon emissions, thus reducing the negative impact on the environment.  

The market for energy efficient dehumidification systems is increasing rapidly because of the concerns 

about the effects of global warming, energy use and life cycle costs. 
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Desiccant wheel is the most efficient technology due to it being both cost effective and environmental 

friendly. 

1.5.5. Commercialization Potential 

The project on which work is being done was proposed by a pharmaceutical company which requires us 

to make a desiccant wheel, which was previously being ordered by a company in Sweden. The product 

isn’t being produced locally and has an immense potential for being commercialized. It would significantly 

cut down the cost of many pharmaceutical companies and other industries where desiccant wheel is used 

for dehumidification. 

1.5.6. Expectations 

A desiccant wheel with the material having higher adsorption capacity, adsorption rate, regeneration rate, 

long life and environmental friendly characteristics with the most suitable physical arrangement shall be 

employed after repeated composition and testing. 

1.6. Basic Involving Raw Material: An Overview 

Huang et al. reported that the activated carbon impregnated with a 10 wt.% sodium silicate solution for 

48h was the optimum for preparing a composite based on silica gel and activated carbon. The preparation 

of Activated carbon, silica-gel, and calcium chloride composite requires the following raw materials 

(chemicals): 

o 30 mesh activated carbon pellets 

o Sodium silicate solution (11 wt.% of Na2O and 27 wt.% of SiO2) 

o Anhydrous CaCl2 powder 

1.6.1. Availability, Feasibility, Cost 

All the above mentioned raw materials are easily available in market. These materials (chemicals) were 

obtained from Sigma Aldrich Chemicals by the favor of AGP. The composite preparation process is not so 

difficult but requires time to do so. The chemicals are a bit costly at Sigma Aldrich as they are of good 

quality as compared to the other sources.  

1.6.2. Abundance 

All the raw materials are abundantly available. 
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1.6.3. Environmental friendly? Future of it? 

Activated Carbon: Activated carbon is a form of carbon processed to have small, low-volume pores that 

increase the surface area available for adsorption. Due to its high degree of micro porosity, just one gram 

of activated carbon has a surface area more than 3,000 m2. 

• Hazards identification 

Not a hazardous substance or mixture according to Regulation (EC) No. 1272/2008. 

This substance is not classified as dangerous according to Directive 67/548/EEC. 

• Potential health effects 

Inhalation: May be harmful if inhaled. May cause respiratory tract irritation. 

Ingestion: May be harmful if swallowed. 

Skin: May be harmful if absorbed through skin. May cause skin irritation. 

Eyes: May cause eye irritation. 

• Precautions for safe handling 

Provide appropriate exhaust ventilation at places where dust is formed. 

• Environmental precautions: 

Activated carbon has no such no such impact on environment as there isn’t any emission of harmful gases 

or no direct human contact is made during its usage as desiccant. Therefore, no special environmental 

precautions are required. 

Sodium Silicate solution: 

Composition (Na2O, ~10.6% SiO2, ~26.5%) 

• Precautions for safe handling 

Avoid contact with skin and eyes. Avoid inhalation of vapor or mist. 

• Conditions for safe storage, including any incompatibilities 

Store in cool place. Keep container tightly closed in a dry and well-ventilated place. Containers which are 

opened must be carefully resealed and kept upright to prevent leakage. 

• Environmental precautions 

There aren’t any complications when talking about environmental precautions because sodium silicate 

solution will be penetrated in the activated carbon. While handling do not let product enter drains. 
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Calcium Chloride: 

Calcium chloride is an inorganic compound, a salt with the chemical formula CaCl2. It is a colorless 

crystalline solid at room temperature, highly soluble in water. 

• Precautions for safe handling 

Avoid contact with skin and eyes. Avoid formation of dust and aerosols. 

Provide appropriate exhaust ventilation at places where dust is formed. 

• Conditions for safe storage, including any incompatibilities 

Store in cool place. Keep container tightly closed in a dry and well-ventilated place. 

• Environmental precautions 

In our composite, it will be used as a solution which will be soaked into ‘silica activated carbon’, therefore 

no direct exposure to environment is expected. While handling, the chemical should be prevented to enter 

drains. 
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Chapter 02 

Testing Parameters 
 

 

Two standards used for testing and rating of a desiccant wheel dehumidification are:  (Air-conditioning 

and Refrigeration Institute) and  (American Society of Heating, Refrigerating Air-conditioning Engineers 

(ASHRAE)) 

2.1. Moisture Removal Capacity 

MRC is presented as mass of moisture removed per hour, (lbs/hr or kg/hr), and RSHI as hourly 

regeneration energy supplied to the device, normalized by MRC, (kBtu/lb or kJ/kg).  (Ryan, 2000) 

 

Equation  2.1-1  Moisture Removal Capacity (Source: ASHRAE) 

2.2. Moisture Mass Balance 

Defined as: Moisture Mass Balance = MRC /MRR, where MRR, Moisture Removal Regeneration, is 

analogous to MRC, but is calculated using regeneration flow rate and grain pickup across the wheel. It 

confirms that the measured adsorption on the process side matches the measured desorption during 

regeneration, and it must fall in the range of 0.95-1.05 for a test to be considered valid. This DOES NOT 

imply that the MRC is known to within five percent; the acceptable range is empirical, based on decades 

of collective industry experience. It is a tough standard to satisfy because of the inherent difficulty in 

psychrometric measurement, but a balance outside this range indicates a condition in the system that 

must be corrected. It is also important to calculate the balance as defined-do not sum inlet moisture fluxes 

and compare to outlet fluxes as this results in a ratio of sums rather than differences. This is a much easier 

ratio to balance and allows testing under conditions that could seriously misrepresent wheel performance. 

2.3. Driving Potential 

The driving potential is the difference in partial pressure of water vapor between the air and the surface 

of the desiccant. Water vapor pressures in terrestrial dehumidification applications are on the order of 

two to five kilopascals (kPa) (0.6-1.5 in Hg) at the wheel inlet. Vapor pressures of a few hundred pascals 
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exist locally at the wheel outlet. Vapor pressure at the desiccant surface varies with desiccant type and 

temperature and is on the order of hundreds of pascals. 

2.4. Relations Used for the Air-Moisture Kinetics  

Airside transfer coefficient is governed by fluid dynamic phenomena and is typically correlated for both 

heat and mass transfer to Reynolds number, Prandtl number, and geometry, including number of transfer 

units (NTU). NTU relates rotor surface area exposed to the thermal loads embodied in the airstreams.  

2.4.1. Prandtl and Reynolds Number 

Prandtl number is a function of air thermophysical properties. Reynolds number is a ratio of momentum 

to viscous forces. Air velocity enters the correlations in the momentum term. The correlations change to 

reflect the flow regime present in the flutes. Flute velocity determines the regime, which may be roughly 

categorized as laminar or turbulent. In laminar flow, viscous forces dominate, so that nearly all air motion 

is in the direction of the bulk flow, along the axis of the flute. In turbulent flow, momentum is strong 

enough to produce substantial eddies within the bulk flow that continuously mix the air as it passes 

through the flute. This mixing generally means turbulent flow produces higher heat/mass transfer, but in 

doing so, also generates higher-pressure drops. The pressure drops incurred by turbulent airflow put an 

unacceptable load on the face and circumferential seals and drastically increase seal wear and fan power 

requirements. Laminar flow keeps pressure drops within HVAC application ranges and has the added 

benefit of keeping the internal surfaces of the matrix relatively clean because airflow moving parallel to 

the flute walls tends not to deposit dirt there. 

2.4.2. Number of Transfer Units 

NTU is a figure of merit commonly applied to heat exchangers that can also be applied to rotary mass 

exchangers. It is typically defined for the thermal component as the ratio of convective heat transfer at a 

given matrix-to-air temperature potential to the thermal capacity of the air over that potential: 

 

Equation  2.4-1  Transfer Units Equation (Source:  ASHRAE) 

Where, 

T is Temperature 

j is hot or cold side of the wheel 

m is the mass flowrate of air 

h is the convective heat transfer co-efficient 
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𝑐𝑝 is the specific heat of air 

A is the convective transfer surface area 

2.4.3. Regeneration Specific Heat Input  

RSHI is an indicator of energy consumed by the regeneration heater. This type of figure is entirely 

appropriate for a standard where its primary purpose is calculating energy consumption for dehumidifiers. 

RSHI can be used for this purpose at the rated face velocity only and does not include the effect of a heat 

exchanger that can be employed at the process air outlet to recover heat of adsorption and preheat 

regeneration air. This configuration is commonly found in ventilation air conditioning applications. To 

include the effect of heat recovery, the term RSHIHX is used. 

2.4.4. Adsorption Heat Ratio 

Heat dump-back is another feature of dehumidifier wheels that becomes important when process outlet 

temperature is a design requirement. Some processes benefit from the sensible energy evolved from the 

desiccation process; for others, this represents a load that must be removed. In quantifying heat dump-

back, we calculate adsorption heat ratio: 

 

Equation  2.4-2  Adsorption Heat Ratio (Source: ASHRAE) 

Where, 

AHR = Adsorption Heat Ratio. 

𝑇𝑃𝑂 = temperature achieved upon reaching measured grain depression. 

𝑇𝑃𝑂,𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 is the temperature achieved upon reaching the measured grain depression with no change 

in enthalpy-essentially evaporative cooling in reverse. If AHR = 1.0, the process is adiabatic. Fractional AHR 

indicates the degree of heat dump-back. 
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Figure 2.4-1 List of Terminologies with Expressions 

 

2.5. Purge Sections/Carryover 

As the matrix rotates out of the regeneration airflow, it carries with it both regeneration air trapped in the 

flutes and heat, contained in the air and in the matrix, itself. This amounts to a small, constant rotation 
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leak or carryover from regenerative inlet to process outlet, which is acceptable in most instances. Purging 

purposely misaligns one of the seals on the regenerative inlet/process outlet face of the wheel to eliminate 

this leak by forcing a purge leak from process inlet to regenerative inlet. Purge sections are not addressed 

by either standard, but are commonly used in industrial applications when very low process outlet dew 

points are required. 

Purges can also be necessary in applications that demand minimal carryover of regeneration air into the 

supply air. One of the reasons purge was not included in the test standards is that it would be very difficult 

to monitor in the lab. The purge section is extremely compact. Sampling is not likely to provide useful 

results. The entire purge flow would have to be extracted, measured, and reintroduced to the 

regenerative inlet flow. This would require substantial modification to the cassette and seals and would 

certainly affect performance. Moisture mass balance could not be calculated without monitoring the 

purge flow in this way.  (Ryan, 2000) 

In low dew-point applications, the purge is designed to pre-cool the matrix before it begins to condition 

supply air. This is necessary because hot desiccant does not adsorb very well; without a purge, the first 

several degrees of rotation do very little dehumidification, allowing untreated air into the process outlet. 

This is in addition to carryover from regeneration air trapped in the flutes by wheel rotation. Purge is very 

effective at eliminating these performance inhibitors. In the case of carryover, the purge prevents 

regeneration air trapped in the flutes from carrying contaminants into the supply air. 

 

Figure 2.5-1  Illustration of Definition 
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2.6. Co-Sorption 

Another potential concern is co-sorption. Co-sorption is the potential for desiccants to adsorb other 

chemicals with the water vapor. If the desiccant could pick up considerable amounts of undesirable 

chemicals from an exhaust flow and dump them back into the supply air, this would create a much more 

powerful carryover effect than wheel rotation could produce. First, in actively regenerated systems, the 

pollutants would have to be picked up by the desiccant at elevated temperatures and released at low 

temperature, the opposite sense in which sorbents work. In passive systems, this reasoning does not apply 

because the regeneration air is not heated. There are two lines of reasoning for these enthalpy exchange 

systems. One is size exclusion. Pollutant molecules larger than the desiccant pores are physically excluded 

from adsorption, making carryover impossible.  

2.7. Airflow Uniformity/Blow Through 

Another important consideration in testing rotary equipment related to airflow is uniformity. The 

desiccant wheel typically has a relatively high pressure drop. This is convenient for testing because it helps 

even out the airflow distribution upstream of the wheel. Improper ducting, however, can overcome this 

feature and present a very non-uniform air distribution that will degrade performance. Introducing inlet 

air too close to the wheel or at an odd angle through too small a duct can cause this blow through. It 

starves some portions of the wheel, and raises flute velocities in others for a net negative effect on 

performance. Transitions and/or flow conditioning baffles are to ensure reasonable uniformity within 

several percent. 

2.8. Humidity Measurement Methods 

Most common methods used for humidity measurement are: 

o Relative Humidity Method 

o Dew-Point Method 

o Wet-Bulb Method 
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Figure 3.1-1  Comparison of Driving Force of Different Adsorbents 

Chapter 03 

Project Phases 

3.1. Research on Material 

Extensive experimental and simulation studies have been done in the field of desiccant 

dehumidification. The main objective of the project was to propose a desiccant material which has high 

adsorption and desorption characteristics; material which can adsorb moisture from air and can be 

regenerated (desorbed) with the application of heat. To achieve this task, many research papers were 

surveyed and many materials were initially suggested but none of them provided satisfactory conclusion.  

To begin with, several common desiccants were planned to be tested which has these various properties; 

• Silica Gel  

o Capillary Condensation  

o Highly Porous 

o Adsorb up to 40% of its weight in water 

o Non-corrosive, non-toxic 

• Molecular Sieve 

o Uniform crystalline structure 

o Internal adsorptive area 1/2 the total volume  

• Calcium Oxide 

o Adsorptive capacity not less than 28.5% by weight 

o Effective at low humidity 

• Calcium Sulfate 

o Non-disintegrating, nontoxic, non-corrosive 

o Low adsorptive capacity 

• Clay 

o Efficient at low temperatures 

o Inexpensive 
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But as we progressed it was decided to further research composite desiccants as they’ll be a complex of 

two or more materials having different properties. Out of many composite desiccants two of them were 

finalized for testing; which are: 

• Si-CaCl2-CP (Silica Gel dipped in CaCl2 on a corrugated paper)  (X.J. Zhang, 2005) 

o Sol-gel method 

o High hygroscopic capacity 

o  CP-SG-CaCl2 takes an intermediate position between silica and pure chloride. 

o Chloride desiccants possess much more hygroscopic capacity than organic desiccants i.e. Silica. 

• Activated carbon, silica-gel and calcium chloride composite  (C.Y. Tso, 2012) 

o Carbon impregnated by sodium silicate solution and CaCl2  

o Activated carbon low-volume pores that increase the surface area available for adsorption 

o CaCl2 hygroscopic salt 

o 933% improvement over raw activated carbon  

To test all these materials, a prototype wheel was to be designed by means of which we could obtain 

results. 

3.2. Research on Psychometry 

Along with the material research, psychrometric properties of air and water were also studied. 

Psychrometric knowledge is very essential when studying the subject of humidification and 

dehumidification as it directly links with the matter. 

It was deduced that the desiccant collects moisture when the surface vapor pressure is lower than that of 

the passing air, and releases it when the surface vapor pressure is higher. For practical purposes, from 

psychometry we know that relative humidity (RH) is a function of vapor pressure, the direction of moisture 

transfer can be characterized by the difference between the relative humidity of the process and 

regeneration air streams.  (American Standard Companies, 2005) 

The desiccant can retain little moisture when the regeneration-air RH is low, so water vapor will migrate 

from the desiccant to the regeneration air. When the relative humidity of the process air is high, the 

desiccant adsorbs more moisture from that air stream. Maintaining an adequate difference between the 

relative humidity of the process and regeneration air streams is essential to dehumidify effectively using 

a desiccant wheel. 

Isotherms: 

The desiccant isotherm is a curve depicting the ability of desiccants to attract and retain the moisture at 

specific temperatures and relative humidity. This curve helps to quickly identify the type of desiccant. 
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Figure 3.2-1  Behavior of Different Adsorbents under Saturation Condition (Source: Trane Inc.) 

 

There are generally three types of desiccants based on their isotherms. 

✓ Type I desiccants 

✓ Type II desiccants 

✓ Type III desiccants 

This is just a general classification which varies with different desiccants. As it can be seen, that the 

moisture holding ability of type I desiccants doesn’t change much with RH at a certain temperature, 

whereas type II desiccants have much more higher water retaining capacity at high values of RH. 

The desiccants which follow these trends are then classified as Type I, II or III desiccants. (Fischer, 2011) 

3.3. Fabrication of Testing Prototype 

To test our proposed desiccants, a prototype wheel was to be designed in which various properties of 

desiccants would be evaluated. About 70% of the time was spent in designing and constructing the 

assembly which had to be first visualized w.r.t all the factors i.e. material availability, durability, 

dimensions, rotor, and air specifications. These specifications will be discussed in detail in forthcoming 

chapters. 
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Figure 4.2-1  Process Algorithm for Synthesizing (Source: C.Y. Tso) 

Chapter 04 

Material Selection and Synthesis 

4.1. Shortlisted Materials 

After going through many research articles and various methods of producing a composite material with 

better performance two composite materials were shortlisted for synthesis, the activated carbon silica gel 

calcium chloride composite, and the sol gel preparation of silica gels. The latter was disregarded due to 

the toxic nature of chemicals used in the preparation of the said composite. 

Composite adsorbent shall be synthesized from 

activated carbon, silica gel and CaCl2. The optimized 

condition for adsorption cooling systems will be 

obtained when raw activated carbon is 

impregnated by soaking in 10 wt.% sodium silicate 

solution for 48 hrs. and then in 30 wt.% CaCl2 

solution for 48h. An adsorption rate test will also be 

done to study the adsorption isotherms and the 

trends of adsorption rate.  

4.2. Comparison of Properties 

The concentration of CaCl2and the soaking time 

shall be varied to study its effect on the adsorption 

capacity. (Huang, 2010) used silica gel and activated 

carbon as a composite adsorbent and reported 

good adsorption capacity (Daou, 2007) used 

composite adsorbent S40 (microporous silica gel 

impregnated in 40% concentrated aqueous solution 

of calcium chloride) and reported COP values as 

high as 0.62 in a single bed system. Based on these 

results we shall synthesize a composite expecting 

great adsorption results once tested. 

4.3. Composite Adsorbent 
Preparation  

The chemicals required for the preparation of adsorbent include: 
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o 30 mesh activated carbon pellets 

o Sodium Silicate Solution (11 wt.% of Na2O and 27 wt.% of SiO2) 

o Anhydrous CaCl2 Powder (96 wt.%) 

o 3.9 N  H2SO4 solution 

4.3.1. Method 

10 grams of activated carbon will be dried at 110 ᵒC for 24 hrs, then impregnated using 150ml of the 

sodium silicate solution for different soaking time (24 hrs, 48 hrs and 72 hrs respectively) at room 

temperature with stirring. After filtration, the samples dried at 110 ᵒC for further 24 hrs. The dried samples 

will then be mixed with 75 ml of 3.9 M 

concentration of H2SO4 solution for 24 hrs at 

the room temperature with stirring. After 

another filtration, they will be dried at 110 o C for 

24 hrs. The dried samples shall be washed with 

deionized water to remove any NaSO4 which 

had formed, and then dried again at 150 ᵒC for 

24 hrs. By doing so, it can naturally form dry 

pellets of adsorbent.  

Then the dried silica activated carbon is mixed 

with different concentrations of CaCl2 solution 

(10 wt.%, 30 wt.%, 46 wt.% respectively) at a 

mass ratio 1:9 with stirring for different 

soaking times. After this filtration is again 

required. Finally, the adsorbent was dried at 150 ᵒC for 24 hrs.  (C.Y. Tso, 2012) 

The initial impregnation sequence along with the other impregnation concentrations and soaking times 

are named as ACO1, ACO2,…,ACO13. The table shows the expected results for adsorption capacity. The 

following comparison shall be used as a reference to check the deductions from our synthesis and tests.  

 

Figure 4.3-3  Adsorption capacity % improvement compared w/ activated carbon at various pressure 

Figure 4.3-2  Water adsorption isotherms of different samples (Source: C.Y. Tso) 
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4.3.2. Adsorption Rate 

The adsorption rate of this composite is high compared to other ordinary and composite desiccant due to 

increased specific surface area and total pore volume by imbedding silica in activated carbon and then 

soaking it in CaCl2. In other words, the adsorbate shall be adsorbed quickly due to its fast diffusion process. 

 

Figure 4.3-4 SEM images of activated carbon before (left) and after (right) penetration 

 

4.3.3. Effect on Pore Structure of Activated Carbon 

The activated carbon showed a significant change after the impregnation of silica gel followed by CaCl2 

soaking. The pore size increased drastically.   

The effect of pore size is evident from the Scanning Electron Microscopy results. The pore structure shows 

that the size was gradually reduced when soaking time and the concentration of calcium chloride was 

increased because the empty spaces in pure carbon were filled with silica gel and calcium chloride. 

Therefore, adsorption capacity is increased. More material is present in confined space the moisture 

content is reduced as a result. 

4.3.4. Specific Surface Area and Total Pore Volume 

The BET (Brunauer–Emmett–Teller) of thirteen samples and pore volumes of the thirteen samples was 

taken by the researchers at Hong Kong University. The specific surface area and total pure volume is shown 

in the table above. The soaking time doesn’t clearly have a significant impact on it but there’s a gradual 

change in the properties. The sample with highest impregnation time and calcium chloride percentage 

has the least specific area and total pore volume because there were many micropores/mesoporous in 

the activated carbon which has a better adsorption capacity.  
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Figure 4.3-5 Specific surface areas and total pore volumes of the samples. 

 

4.3.5. Ideal COP Analysis 

The ideal COP is equivalent to the cooling energy divided by the supplied energy, shown by the following 

equation. The equation shows the difference in equilibrium water uptake has a positive effect on the 

performance of an adsorption cooling system. A larger difference in equilibrium water uptake between 

the adsorption and desorption phases results in a greater ideal COP (Coefficient of Performance). (C.Y. 

Tso, 2012) 

 

 

Equation 4.3-1 COP Analysis (Source: Tao, 2012) 

Where, 

∆X is the difference in equilibrium water uptake between the adsorption and desorption phases. 

mz is the mass of composite adsorbent used in the adsorption cooling system. 

hfg adsorbate is the latent heat of vaporization of water. 

Cac and Cad are the specific heat capacity of the composite adsorbent and the adsorbate. 

TH-TL is the temperature difference of the composite adsorbent between the adsorption and desorption 

phases. 

𝐡𝐚𝐝 is the adsorption heat of the composite adsorbent which is calculated from the equilibrium between 

the chemical potential for the air and the adsorbent. 
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4.3.6. Regenerative Ability 

The adsorption characteristics exhibit great capacity as shown in the previous table. This composite 

material is not only a good adsorbent but also has amazing regenerative ability. The results of the 

desorption shall be measured by using mathematical models after the chemicals are provided by the 

supplier company and the composite is made. 

The composite adsorbent material comprises a host material of activated carbon impregnated with silica 

gel and calcium chloride and is useful for adsorbing elevated levels of water vapor. The composite 

adsorbent material is used in low temperature heat driven adsorption cooling and dehumidification 

systems.  

4.4. Cost of Making 

The costing will be done after the synthesis of composite when the company supplies the chemicals. 

4.5. Expectations 

This composite material synthesis is based on research. The outcomes are dependent on the accuracy of 

procedures followed.   
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Figure 5.1-1  Performance example: Desiccant dehumidification wheel upstream of cooling coil, parallel regeneration 
(dedicated outdoor-air application) 

Chapter 05  

Psychometry & Flow Arrangements 

The placement of cooling coil upstream or downstream was to be decided. Both arrangements have their 

merits and demerits. There is also a third type of arrangement possible i.e. Series regeneration which 

possess series desiccant wheel in a mixed air application. All these arrangements are discussed below. 

5.1. Wheel Upstream of Cooling Coils 

In this arrangement, the desiccant wheel is placed upstream of the cooling coils. The dry bulb temperature 

of the regeneration air (ambient air) RG is raised by a heating source due to which its relative humidity is 

decreased and thus becomes RG’. Hence the driving force i.e. difference of RH between process air and 

regeneration air is increased. 

The RH of the process air OA’ can be decreased as much as the RH of the regeneration air RG’ hence 

relative humidity of RG is decreased as much as possible. 

As the desiccant wheel removes 1BTU of moisture i.e. latent heat, more than 1BTU of sensible heat is 

added by the hot wheel, hence the process air OA’ is dry (very low dew point) and hot, hence it needs to 

be cooled therefore adding a cooling coil downstream of the wheel which cools the process air OA’ to CA 

which is cool dry air as we require.  (American Standard Companies, 2005) 

 

  



 

- 28 - 
 

 Design & Development of Hygroscopic Material Based on Desiccant Wheel for Dehumidification with Construction of Testing Prototype  

 

5.2. Wheel Downstream of Cooling Coils 

Here the wheel is placed after the cooling coils and the regenerating air RG is heated before entering the 

wheel like in the previous arrangement. By doing so, the process air OA is dehumidified and cooled hence 

its RH increases and the RH of regeneration air is decreased so that the driving force, i.e. the difference 

between relative humidity of the regeneration air and the process air, is maximized.  

The air OA is cooled to CA because of which its RH is increased and its dry bulb temperature decreases. 

The regeneration air RG is heated up to RG’ having very low RH. After being passed through the wheel, 

the dry bulb of the process air CA rises a little (not as much as of the wheel upstream configuration) and 

it becomes CA’ having very much low moisture content.  

The water vapor is transferred from process air to the wheel, which is rotated towards the regeneration 

region where it transfers moisture to the regeneration air which become RG’’. 

 

When the “wheel upstream” arrangement is compared with the “wheel downstream” configuration, the 

latter can dehumidify the process air to an equally low dew point requiring less re-cooling (or even no re-

cooling) because dry-bulb temperature of leaving air isn’t as hot as of the former configuration. Both still 

require an isolated regeneration air stream, and regeneration air must be heated to make the desiccant 

moisture free. 

Figure 5.2-1  Performance example: Desiccant dehumidification wheel downstream of cooling coil, parallel regeneration 
(dedicated outdoor-air application) 
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Figure 5.3-1  Performance example: Desiccant dehumidification wheel downstream of cooling coil, series regeneration 
(mixed air application) 

5.3. Series Regeneration 

In this arrangement, the wheel is placed in series with the cooling, where the regeneration side of the 

wheel upstream of the cooling coil and the process side downstream of the coil. Only a single air stream 

is utilized as both the process air as well as the regeneration air and no separate regeneration air stream 

is required. The series desiccant wheel uses a Type III desiccant selected specifically for this application. 

The desiccant’s ability to adsorb water vapor is very high when the relative humidity of the air is high; 

when the RH is below 80 percent, its moisture holding ability drops significantly. Recall that air leaving an 

active cooling coil often exceeds 90 percent RH; at this condition, the series desiccant wheel can adsorb 

lots of water vapor from the air. When the wheel rotates upstream of the cooling coil, it’s exposed to air 

with a lower relative humidity typically 40 to 60 percent). At this condition, the desiccant can’t retain the 

water vapor that it collected, so the moisture transfers from the wheel to the passing air stream. 

Adsorption isn’t driven by hot regeneration air but by the Type III desiccant’s ability to regenerate at low 

temperatures, often without supplemental heat. The design of the wheel and its rotation speed re-

engineered to maximize the transfer of water vapor while minimizing sensible heat transfer. The increase 

in the dry bulb temperature of the process air is associated only with the amount of heat produced by the 

adsorption process. (Fischer, 2011) 

Air exits the cooling coil (CA) at a high relative humidity. The series desiccant wheel adsorbs water vapor, 

drying the supply air (SA). Sensible heat added by the adsorption process raises the supply-air 

temperature. Mixed air (MA) entering the regeneration side of the wheel is less humid. At this RH, the 

wheel can no longer hold the water vapor it adsorbed downstream of the coil. Water vapor released from 

the wheel passes into the mixed air (MA’) and then condenses on the cold coil surface. 
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Chapter 6  

Detailing About the Prototype 

6.1. An Insight to the Design 

6.1.1. Design 

The prototype consists of a wooden rotor which is chain-driven through a motor fixed on a stand. The 

desiccant is layered on aluminum strips which are inserted inside the grooves designed in the rotor. 

6.1.2. Rotor 

A wooden rotor is constructed, as wood is easily fabricated and is easily available. Rotor 

designing took most of the time as the wood was to cut precisely; they were then hand-

cut from individual wooden sheets. 

The rotor consists of four wheels joined together. Each wheel is set in different 

orientation to ensure the angle of each set of strips is different than other; the strips have an angle of 45 

degrees with each other. The wheels when joined together give a plus-cross shape to the strips. This is 

done to maximize the air-desiccant contact area and to make the air turbulent to ensure maximum 

desorption. The final wheel is placed on the wooden stand supported by two bearings, housings, and an 

iron rod.  (Tiwari, 2015) 

6.1.3. Rotor Rotation and Speed 

After rotor construction, the motor was to be selected to rotate the wheel at slowest possible RPM (50 

revolutions per hour). For that several motors were purchased after a long period of testing various driving 

mechanism (to provide slowest possible rpm) a motor was selected which was initially decided to be gear 

driven but later due to some issues had to be chain driven. To control and further decrease the speed, a 

PWM circuit is designed and constructed which could reduce motor speed without affecting its winding 

and properties.  (X.J. Zhang, 2005) 

6.1.4. Rotor Dimensions and Specs 

The wooden rotor has an outer diameter of 18” and the inner diameter is 16”. The thickness of each of 

the four wheels is 2.25” which gives a total rotor depth of 9 inches. The middle support rod is 2” wide. 

Figure 6.1-1  Strips Orientation View 
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6.1.5. Strips 

The selection of strips had to be done under consideration of many factors. Its shape, dimensions, length, 

material, weight etc. It was then finalized to use aluminum corrugated sheets 

which were to be cut into strips. Aluminum being rust-resistant ensured that 

strips don't corrode with time. Corrugation helped with increased surface 

area hence giving more air-desiccant contact area. The strips were of 

gauge to prevent sagging of the strips as well as to keep the weight 

minimum. The grooves were then made in the wheel corresponding to 

the gauge. The gap between the strips is also considered keeping in mind, 

the gauge, and the desiccant size to prevent air channeling and the air 

pressure drop. Usually, the No. of strips affects these factors:  

o Contact area  

o Weight of the wheel 

o Spacing within the strips 

o Air pressure drop 

A formula has been derived to calculate the number of strips required: 

 

 
 

Equation 6.1-1  Number of Slits 

 

6.1.6. The Regeneration and the Process Air 

The placement and availability of the air was also to be decided. The regeneration air which is hot was to 

be heated before entering the system and the process air which is ambient air was to be cooled until 

saturation to decrease the moisture content and increase the relative humidity thus increasing the 

moisture driving force. Hence a heating mechanism was to be selected, two possibilities were considered, 

to directly use a heater or to insert a heating medium (coil) along the air path. For the cooling of process 

air, nothing has yet been decided. 

6.1.7. Casing and Duct 

The rotor is enclosed within an acrylic casing having 50-50 cassettes ratio so that the air goes smoothly 

into the cassettes. Ducts are fixed at both ends for air supply and exit.  (ICE Western Sales Limited) 

 

 

Figure 6.1-2  Wheel Internals Classification 

Where, 
n=No. of strips  d= wheel inner diameter (inch) 

t= middle support  a= distance between strips (mm) 
thickness (inch) b= strip thickness (mm) 



 

- 32 - 
 

 Design & Development of Hygroscopic Material Based on Desiccant Wheel for Dehumidification with Construction of Testing Prototype  

 

Optimistic Normal Pessimistic

20 22 25

10 15 20

7 10 15

10 12 15

1 3 4

10 15 20

4 7 10

30 40 60

1 3 5

1 2 3

2 3 4

1 2 3

3 4 5

10 15 20

2 3 4

3 4 5

Making PWM Circuit, Testing of Electronics at different Labs, Making Changes K

Gear Assembly/Idles/Transmission of Power Configurations: Discussions L G 2.00 2

Procurement for the Required Material Phase II M L 4.00 3

Fabrication of Testing Prototype (main model), obtaining initial outcome, testings

N H 15.00Fabrication of Testing Prototype (final model), obtaining initial outcome, testings

Controlling Speed: Analysis of the Best Option to Take I G, H 3.00 7

J 3.00 3

Procurement for the Required Material Phase I J

Construction of Wheels and Assembly, 3-D Model making G C 7.00 15

140.17 147.00

Sum of Working Days (Approx)

3.00

2.00 1

41.67 45

Activity Details in Brief

Understanding Objective, Root Working Analysis, Meetings, Visits, Initial Surveys

Literature Review, Research Papers, Scrutinizing Materials & Properties, Discussions

B

D , A

A

A , B

17

12

1312.17

2.83

4.00

15.00

All

B

C

D

E

-

O N

I

H G

27

15.00

10.33

Time Estimates
Expected Time

Actual Time 
Taken

2

Testing of Material w/ Proper Setup, Initial Testing of Customized Coating 

Obtaining Final Results, Conclusion, Costing, Future of Project

Project Management Breif Overview

Flow Arrangements, Psychrometric Orientations, Mechanical Aspects of Equipment

Designing of Prototype, Initial Feasibility, Finalizing Detailings, Market Surveys I

Market Surveys II, Purchasing Materials both Mechanical & Local Adsorbent

Synthesizing of Short Listed Desiccant Material & Initial Testing

PredecessorActivity

-

F

P

A

Values mentioned in days

22.17

Figure 7.1-1  PERT Evaluation Sheet 

Chapter 7 

Project Management Overview 

Although, this chapter might sound like an addendum but in the professional world, Project Management 

is an essential tool of Operational Sciences to perform and use. One can take an idea by just knowing that 

almost all the industrial and corporate sector in the world use this for program scheduling and time 

estimating. Since the beginning, we have been critically analyzing the work orientation and it truly helps 

us in managing tasks up to the mark. 

7.1. Program Evaluation & Review Technique: Analysis with Actual 
Time  

Since, this was entirely a new project with no prior working strategy made before us. Hence, due to 

uncertainty in time orientation, a triple-time estimate technique was used. One thing should be keep 

mind, the analysis involves only effective working days which means halted days are not included here. It 

contains around sixteen amalgamated major activities along with their dependents and independents. 

The overview shown below is as of our Mid-Evaluation. Blank cells indicate that the task has not been 

started yet. 
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Figure 7.2-1  Percentage Time Expenditure and Comparison Graph 

7.2. Estimated Time: Lead or Lag? 

The PERT analysis shown before shows the picture of where our project is standing. Red highlighted cells 

show that we are ahead of the estimated time while Green highlighted cells ensuring our early completion 

followed by Yellow describes on-time job activity. These dynamics can be better depicted in the graphical 

form as shown below. As previously explained, the nature of this project is mainly research and 

development and it also covers a wide portion of this document. On the same manner, this is the most 

time-consuming task that we have performed during the said period. Given pie-chart depicts the result 

with 31% of the actual time spent on searching, discussing, downloading, and analyzing various research 

articles. Have a look below on how we managed: 
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Design of Prototype & Development of Hygroscopic Material based on Desiccant Wheel

 Period Highlight: 2

PERIODS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

- A 1 23 22 1 28 27 100%

- B 1 16 15 2 19 17 95%

A , B C 23 33 10 28 40 12 90%

A D 23 35 12 28 41 13 100%

D , A E 35 38 3 41 43 2 100%

B F 16 31 15 0 0%

C G 33 40 7 40 55 15 100%

G H 40 80 40 55 100 45 95%

G, H I 80 83 3 100 107 7 100%

I J 83 85 2 107 108 1 100%

J K 85 88 3 108 111 3 100%

G L 80 82 2 100 102 2 100%

L M 82 86 4 102 105 3 100%

H N 80 95 15 0 0%

N O 95 98 3 0 0%

ACTUAL END
ACTIVITY DEPENDS 

ON

% Complete (beyond plan)

ACTIVITY PLAN START
PLAN 

DURATION

ACTUAL 

START

ACTUAL 

DURATION

PERCENT 

COMPLETE

Plan Duration Actual Start % Complete Actual (beyond plan)

PLAN ENDS

36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110

Figure 7.3-1  Representation of work through Gantt Chart 

7.3. Completion of Tasks: Where Do We Stand by Now? 

As of now, we have completed a major portion of the project and as per the Gantt Chart calculations, as 

estimated 74% completion has been achieved successfully. Some of the tasks are still in pending due to 

unavoidable circumstances and thus contributed a major part in the above-mentioned percentage 

completion time. Plan Start can be used interchangeably with Earliest Start and has been calculated using 

forward phase calculation with the help of PERT analysis. Have a look below: 
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How We See Our Project? 

Most of the part of project phase had already been described in this text. The scope of this text is to gather 

all the information and workings together just to give a comprehensive look and to predict where we lead 

this project in the future. Research on adsorbents involves laborious and enormous amount of research 

and obviously, it is not possible for us to write everything in this text that we have consulted during the 

study but still most of the consulted documents have been mentioned here. Below is the rough structure 

of how we predict our project phase, this might be tentative but enough to give an idea to the reader 

about it:  
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DetailsDetails Dates

300 08-Aug-17 75

3.5 ft length 140 08-Aug-17 35

28

29

Wood Piece

Metal Rod

4 ft length

Chain, Spocket, Bearing2 ft Chain, 2 spocket, 2 bearing 1250 21-Jul-17 312.5

Spocket 2 Pieces 850 17-Jul-17 212.5

2 Pieces 350 18-May-17 87.5

Aluminium Piece 3" x 4" 845 18-May-17 211.25

Gears

1560 15-May-17

Battery with charger 12 volt, 4 Amp 1250 16-May-17 312.5

Transistors w/ Heat Sink Few

Including Breadboard

PWM Circuit 1 Piece 200 09-May-17 50

Metal Studs w/ Bolts 1 Stud w/ few bolts 220 08-May-17 55

4' x 4' 1200 17-Mar-17 300

Day III 700 22-Mar-17 175

Day II 500 14-Mar-17 125

Nut/Screws/Bolts/Keys Few 140 22-Mar-17 35

Voltmeter/Circuit 1+1 450 16-Mar-17 112.5

Day I 700 12-Mar-17 175

Al Piece for Housing 1 x (2" x 4") 500 15-Mar-17 125

87.5

300

Plummer Bearings 2 500 02-Mar-17 125

Metal Shaft 1 130 02-Mar-17 32.5

Motor 1 350 02-Mar-17 87.5

Silica Gel 2 kg

16075 In Total 4019In Total

400 02-Mar-17 100

Merch Quantity
Purchased 

Cost
Purchased On

Per Head 

Distribution

Day IV 600 07-May-17

150 10-May-17 37.5

150

8 pieces 70 28-Mar-17

2 bottles 150 23-Mar-17 37.5

17.5

09-Mar-17

1m w/ 8 B&W 120 15-Mar-17

72 strips 350 15-Mar-17

30

600

4' x 4' 1200 10-Mar-17

4' x 8'

Serial 

Number 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Ply Wood I

2400

26

27

Total 

Items
29

17

18

19

20

21

22

23

24

25

Corrugated Al Sheet

Metal Stud w/ B & W

Al Sheet Cutting Cost

Screws (3" & 2")

Glue

Circuit's Electronics

Wood Labour Cost IV

Wood Labour Cost

Ply Wood II

Wood Labour Cost III

Wood Labour Cost II

Costing Details in Brief  
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