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Abstract 
The desiccant rotor is one of the proven techniques that can be used for air conditioning either alone or with a Vapor 

compression refrigeration system in a hybrid manner. The use of desiccant rotors can reduce the consumption of electrical energy in 
the system by a considerable amount. Desiccant rotors use solid desiccant materials which adsorb the moisture from the incoming air 
and are regenerated using waste heat or solar energy. Desiccant rotors along with the sensible heat exchanger, cooling unit, and 
heating unit can be used for air conditioning. In modern practice, all these components can be arranged in a such way that their 
performance can be optimized according to use in different climates and tropical situations. In this paper, operating cycles that explain 
the arrangement of these components were discussed in detail. Modifications done to increase the coefficient of performance of the 
system are discussed. Cycles that are discussed in detail here are the Pennington cycle, Modified Pennington cycle, Dunkle cycle, 
SENS cycle and DINC cycle. Pennington cycle is economically feasible and less in maintenance compared to others. The most 
efficient cycle amongst all is SENS but the complex arrangement and very high maintenance compared to others is the main hurdle in 
its applicability. Some quality experimentation and numerical investigations in this area are expected to happen in near future.      
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1 Introduction 

Global climate change is the main problem that we are fighting today. Energy consumption has been increased remarkably in 
recent years. There could be many reasons possible for an increase in energy consumption but one of the primary reasons is the 
dependency of electricity generation on conventional non-renewable sources. we are well aware today, that fossil fuel sources are on 
the verge of depletion. Refrigeration and air conditioning systems are based on a conventional vapor compression refrigeration system 
in which most of the energy is utilized by a compressor. A large amount of high-grade energy is consumed in the compressor. The 
amount of high-grade energy utilized in the compressor is directly proportional to the load on the RAC system. When an AC has to 
handle the moisture removal process, then it is solely depending on the method in which the temperature of supply air is reduced well 
below its DPT to assure moisture removal from the air, and again it is passed through the heating system to bring the temperature as 
per human comfort requirement. Here, electrical energy is consumed in both compressors as well as in the heating system. A desiccant 
dehumidifier is a new way to remove moisture from the supply air. It helps to resolve environmental and economic issues that result 
from the use of conventional VCRS. It can be coupled with VCRS for human comfort applications as well. The solid desiccant 
cooling system attracts more and more attention of researchers as it operates on low-grade energy like solar, waste heat, etc.(Misha et 
al., 2012). 
 

An increase in temperature of air on the earth surface is observed which is around 75 °C.  Rate of increase in CO2 emission, 
which is one of the major greenhouse gases (GHG) on the earth is in the highlight. On the virtue of the need for reduction in GHG 
gases and Global climate change, many government organizations were promoting researchers to solve the issues related to the same. 
CO2 alone holding around half of the share in the GHG quantity. Around 40% of energy consumption out of the total energy is 
consumed in the buildings that does come from the primary sources of energy. Out of the total energy consumed in the buildings, 50% 
of energy is consumed by Heating, Ventilation, and Air-conditioning (HVAC) apparatus. In 1987, Some of the developed countries 
were come together against the GHG gas emissions in Kyoto, Japan and decided that they will reduce their GHG emissions by a 
collective average of 12.5% compared to their 1990 levels. Consumption of less electrical energy or more installation and use of 
renewable energy can decrease the consumption of fossil fuels. Reduction in CO emission and GHG emission is possible by just using 
less potential of Fossil fuels. Maximum use of Renewable energy and low-grade energy utilization are effective methods for 
controlling CO, GHG emissions. However, many countries are still didn’t realized this solution. With the increase in the comfort 
requirement of an individual, HVAC systems are growing so rapidly and gaining ultimate importance in domestic and corporate sector 
buildings. Researchers have started researching Some novel cooling systems which can be powered using renewable (low-grade) 
energy sources. The desiccant rotor is one of the proven techniques that can be used for air conditioning either alone or with a Vapor 
compression refrigeration system in a hybrid manner. The use of desiccant rotors can reduce the consumption of electrical energy in 
the system by a considerable amount. (Nottingham & User, 2008). The use of desiccant wheels alone for air conditioning would not be 
a feasible option as thermal performance is very less. The modern principle of air conditioning using desiccant wheels is discussed in 
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this paper. Desiccant wheels are equipped with some modern equipment like Sensible heat exchangers, coolers, and heaters. 
Arrangements of all these components in a cyclic manner can improve thermal performance as well as their applicability in the actual 
applications. All such cycles which explain the arrangement and composition of these components have been presented by many 
researchers. This paper aims to discuss the composition of such cycles along with their application in the respective areas. Merits and 
demerits of the cycles were discussed in the subsequent sections.  
 
2 The modern principle of air conditioning using desiccant wheel 

Desiccant dehumidification Is a process in which the humidity of incoming air is reduced and to do so desiccant material is 
consumed. Desiccant materials may be classified into solid or liquid. Quite often we use solid desiccant material as they are not 
complicated to use and design of the equipment it is also feasible and less costly. While liquid desiccant materials are costly and 
handling equipment are complex to design. The author has attempted to show the modern principle of working of the air conditioning 
system using rotary desiccant wheels. Solid desiccant material is filled in the wheel and the desiccant wheel is prepared which is 
known as the Heart of the system. The desiccant wheel works in two forms, one is adsorption and another is Regeneration or 
Desorption. Incoming humidified air is entered in the desiccant wheel and by the virtue of desiccant material, water vapor present in 
the incoming air is adsorbed onto the outer surface of desiccant material; this process is exothermic and hence heat energy is the 
temperature of the outgoing air increases. In modern apparatus, as shown in Fig. 1, the temperature of the outgoing air is reduced by 
using a Sensible heat-exchanger and further reduced up to the room temperature or the temperature at which conditioned air is 
required by using an additional cooling device. To use desiccant material for the next cycle, desiccant material is regenerated by 
supplying heat into the system. Heat is supplied in the system in terms of Regenerative air. A sensible heat-exchanger increases the 
temperature of Regenerative air by extracting the potential which is available in the air which is coming out of the desiccant wheel. 
Further, the temperature of regenerative air is increased up to the regenerative temperature of desiccant material in the appropriate 
heating device which is the source of regenerative temperature. In this way, the desiccant is regenerated back and then it can be used 
in the next cycle for dehumidification. The cycle continues till the required dehumidification is achieved. Heat absorbed from the air 
which is coming out of the desiccant wheel is called, Sensible heat loss and this heat are supplied to the regenerative air using a 
Sensible heat-exchanger which process is called as Sensible heat gain of regenerative air. As shown in Fig. 1, the main components in 
the modern Dehumidification cycle are the Desiccant wheel, Sensible heat exchanger, cooling unit and, Regenerative heat source. The 
arrangement and composition of these four basic components can vary according to the nature of the desiccant material. This could be 
explained through different cycles which have been discussed in the subsequent sections. 

 
Fig. 1: Layout of modern desiccant cooling using solid desiccant material (Jani et al., 2016) 

 
3 Types of dehumidification cycles operated using Solid desiccant materials: 
3.1 Pennington Cycle 

This cycle is also called as Ventilation cycle. A first-ever modern desiccant rotor cycle was developed by Pennington as 
shown in Fig. 2. It was developed for ventilation purposes. Incoming air is sent over the desiccant wheel which is filled with solid 
desiccant material. Humidity at the outlet is reduced and temperature also increased because of an exothermic reaction. Hot and 
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dehumidified air has been cooled in the sensible heat exchanger and heat is exchanged with air which is utilized in the same system 
for Reactivation of desiccant material. Finally, the air is cooled in the evaporative cooler and then supplied to the room. Thermal 
energy received by air in the room is again recirculated. A schematic diagram is as shown in fig. 4. 

 
Fig. 2. Rotary wheel dehumidification using Pennington cycle (Daou et al., 2006) 

 
3.2 Recirculation Cycle 

The recirculation cycle is also called as Modified Pennington cycle because few modifications have been done in the 
Pennington cycle. The attempt is made to increase the capacity of the system to deliver more amount of cool air at a higher load, 
especially in hot and humid areas. As you can observe in Fig. 3, conditioning of the air in the test room is achieved normally using the 
Pennington cycle but an additional amount of cooling is achieved by recirculating the conditioned air further through the rotary 
desiccant wheel, sensible heat-exchanger, and evaporative cooler. Regeneration of desiccant in the cycle can be achieved using return 
air from the test room but it is not feasible when the requirement is large. So, in such cases, ambient air is taken into the system and 
utilized for the regeneration of the desiccant wheel.  

 
Fig. 3. Modified Pennington Cycle (Jani et al., 2016) 

 
3.3 Dunkle Cycle 

An additional sensible heat exchanger is utilized in the Dunkle cycle to increase the cooling capacity of the system. 
Arrangements of the components are shown in Fig. 4. The sensible heat exchanger will reduce the temperature of the air going in the 
test room as shown from 4 to 5. The temperature of the air is further reduced from 5 to 6 followed by evaporative cooling of the air 
from 6 to 7. This will increase the cooling capacity further compared to Pennington and Modified Pennington cycle.  
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Fig. 4. Dunkle Cycle (Goodarzia et al., 2017) 

 
3.4 SENS Cycle 

MacLaine-cross (La et al., 2010) developed an advanced but simple cycle which is known as the SENS cycle. In this cycle 
two sensible heat exchangers were used like the Dunkle cycle and also, recirculation of the air is also utilized like the modified 
Pennington cycle. Dehumidification of incoming air is done in the desiccant wheel and later it is passed to the conditioned area via 
two heat exchangers. The sensible heat exchangers utilized In this cycle, are of the air-to-air type of heat exchangers and they are 
connected in the tandem manner as observed in Fig. 5. Some proportion of the air is mixed with recirculated air and the mixture is 
cooled in the cooling tower until the required temperature is achieved. Air is sent into the conditioned space via the arrangement of a 
cooling coil and cooling tower. A cooling tower can handle a large amount of air compared to an evaporative cooler and hence 
increases the capacity of the system to handle large loads.  
 

 
Fig. 5. SENS Cycle (La et al., 2010) 

 

3.5 DINC Cycle 
Some modifications in the SENS cycle will give Direct-Indirect Cooling (DINC) cycle. DINC cycle as shown in Fig. 6, Two 

air to air type of sensible heat exchangers long with the cooling tower, and cooling coil in the SENS cycle are replaced by a pair of an 
indirect evaporative cooler and a direct evaporative cooler. The air before supplied to the conditioned space is cooled in the Indirect 
and Direct evaporative cooler as shown from 4 to 6. An indirect evaporative cooler is utilizing return air from the room before sending 
it into the atmosphere and hence it is called an indirect evaporative cooler. Ambient air is used in the system for the regeneration of 
desiccant material.  
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Fig. 6.  DINC Cycle (Ge et al., 2014) 

 
4 Results and Discussions 

 
Fig. 7. Comparison of all cycles on the psychrometric chart (Jani et al., 2016) 

 
All the cycles can be plotted on the psychrometric chart as shown in Fig. 7. An author has tried to discuss some important 

findings from the comparison. Pennington cycle is the simplest cycle with a generalized arrangement of a Desiccant wheel, Sensible 
heat-exchanger, Evaporative coolers, and Heaters. A maximum amount of ventilation is possible in the Pennington cycle as it uses 
100% outside air as an input to the desiccant wheel. But, the coefficient of performance of the Pennington cycle is the least compared 
to all cycles because the temperature of outside air is comparatively higher than the recirculated air and hence the humidity ratio is 
also the highest one. The cooling capacity obtained per unit mass of desiccant in the Pennington cycle is also poor and hence, the 
Recirculation cycle is obtained by doing certain modifications in the Pennington cycle. 100% of recirculated air is utilized in the 
Recirculation cycle which has increased the cooling capacity of the cycle. But, as can be observed, the Recirculation cycle has the 
highest number of Regeneration temperature required for the Regeneration of the desiccant wheel. This will increase the need for an 
increasing temperature of the air before passing through the desiccant wheel for regeneration. While Recirculation cycle is also the 
one that delivers air at the lowest temperature in the room compared to all other cycles because it uses 100 % of recirculation air in the 
desiccant wheel. Dunkle cycle is the combination of Pennington and Recirculation cycle because the advantages of both the cycles can 
be obtained in the cycle. Dunkle cycle can supply a large amount of air at relatively low temperatures. Thermal efficiency and 
coefficient of performance of the SENS cycle is the highest compared to all other cycles because two sensible heat exchangers in 
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series are incorporated in the system to handle the air which is passing to the test room but this will increase the complexity of the 
system and hence could be the reason that most of the time it is not used in the applications. To reduce the complexity in the SENS 
cycle, some modifications were done in the SENS cycle and DINC cycle is depicted. Two air-to-air sensible heat exchangers, cooling 
tower, and cooling coil in the SENS cycle are replaced with a pair of an indirect evaporative cooler and a direct evaporative cooler. 
With these modifications, the system becomes simple but yet the coefficient of performance is not improved.  

 
5 Conclusion 

Nowadays, the Pennington cycle could be the most appropriate choice to switch over from vapor compression refrigeration 
cycles to desiccant cycles. Even though the coefficient performance of the system is less compared to other cycles but, simple 
arrangements of the components and less maintenance of the system make the system cost-effective and increases its economic 
viability. The areas which are most crowded like where more people are living per square feet of land, in such area recirculation cycle 
is most preferred because it provides maximum ventilation compared to all other cycles. Dunkle cycle can deliver a large quantity of 
air relatively at lower temperature and hence, Hot and humid areas like the cities which are situated near the seashore are more often 
suggested to use Dunkle cycle. SENS cycle is suggested to use only for large applications where the cooling load is very high. If a 
large amount of waste heat is available at end of any process, then for large load handling, SENS or DINC cycle is suggested to utilize 
in the system. At most care and maintenance are required in the SENS and DINC cycle which is not economically feasible for the 
developing nations. Some quality research is expected to happen in the area of desiccant cooling cycles so that the cycles can be taken 
as an alternative to the Vapor Compression Refrigeration Cycle (VCRS) or can be combined within hybrid mode to improve the 
performance of the desiccant cycles.  
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