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Summary: The exergy analysis of thermal systems is a methodology whose principles are clear. 
However, its application to air conditioning systems has not been sufficiently extended, per-
haps due to the difficult understanding of the exergy concept in these cycles and the diversity 
of criteria for the definition of the reference temperature for the calculation of the irreversibi-
lities in the different elements that compose the installation. In this work the thermodynamic 
study of an air conditioning cycle with dehumidification by rotary desiccant is presented, using 
the THERMOPsychro software. The energy and exergy diagrams of the global installation are 
obtained, identifying the elements where the highest exergy destruction and the lowest exergy 
efficiency are obtained, indicating the possible improvement actions necessary to try to reduce 
these losses due to irreversibilities and to contribute to their optimization and to a more ratio-
nal use of energy.
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1. INTRODUCTION
Currently, the desiccant air conditioning system is an alternative to use surplus energy from 
industrial facilities and/or solar energy and try to solve environmental and energy problems 
resulting from the use of conventional vapor compression in air conditioning systems. These 
systems can maintain the thermal comfort of a room with the optimization of solar thermal 
energy and minimal use of electrical energy [1]. A typical system combines a dehumidifica-
tion system using a rotating desiccant wheel, with direct or indirect evaporative systems, 
which allow filtered and cooled air providing temperature and humidity conditions conduci-
ve to ambient thermal comfort, even in equatorial and tropical climates [2].
Energy analysis is a powerful tool to optimize the efficiency of processes and systems, with 
the objective of reducing the consumption of resources, increasing their use, with a lower 
emission of pollutants into the environment, and seeking to detect inefficiencies in design, 
operation and maintenance. [3] developed a procedure for energy and exergy analysis of 
open cycle desiccant refrigeration systems applied to an experimental unit operating in 
ventilation mode with natural zeolite as desiccant. The desiccant rotary exchanger has the 
highest percentage of total exergy destruction at 33.8%, followed by the heating system at 
31.2 %. The rotary regenerator and evaporative coolers account for the rest of the exergy 
destruction. [4] performed an energy and exergy analysis of a desiccant cooling system in-
tegrated with an air-based thermal energy storage unit using phase change materials and a 
photovoltaic/thermosolar air collector. [5] developed a matlabt/simulink model of a desic-
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cant liquid evaporative cooling system and analyzed it using the exergy analysis method, 
verifying that this is a very useful tool for the design, analysis and optimization of these 
systems.
In this work a desiccant air conditioning system is studied and analyzed from the thermody-
namic point of view, under the perspective of the first and second principles. By means of the 
software called THERMOPsychro developed by the author of the work, the thermodynamic 
study of the system is carried out.

2. SOFTWARE THERMOPSYCHRO
The software provides a detailed solution, both numerical and graphical, of the thermody-
namic states, as well as the main variables for thermal design, allowing the user to choose 
the input variables, which makes the software a very versatile tool. THERMOPsychro (www.
thermosuite.com) provides the energy and exergy diagrams, presenting the losses due to 
irreversibilities in each equipment of the installation, which is key for the improvement and 
optimization of the air handling units. The information provided by these diagrams is very 
valuable, providing the efficiencies of each process, sensible and latent heats, thermodyna-
mic properties of all states, most relevant design factors, water flow rates, exergy destroyed 
in each process, psychrometric diagram, summary of results, etc. It is a tool for teaching and 
industrial use, facilitating the student to acquire knowledge in a dynamic way, which impro-
ves the learning experience and helps the engineer or technician of a company to design 
and/or improve this type of installations.
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well as the main variables for thermal design, allowing the user to choose the input variables, which makes
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            Figure 1. Desiccant psychrometric units.Figure 1. Desiccant psychrometric units.

3. ROTARY DESICCANT DEHUMIDIFICATION
A rotary desiccant-based air conditioning system combines different technologies, such 
as desiccant dehumidification, evaporative cooling, refrigeration and regeneration. Desic-
cant air conditioning systems are heat-driven refrigeration units that can be used as an 
alternative to conventional mechanical vapor compression and absorption refrigeration 
systems. Their operation is based on the use of a rotary dehumidifier in which air is de-
humidified. Subsequently, this dry air is first cooled in a sensible heat exchanger (rotary 
regenerator) and then further cooled in an evaporative cooler. The resulting cooled air 
is sent to the room. The system can be operated in closed cycle or more commonly in 
open cycle in ventilation or recirculation modes. In this system, an external heat source is 
required to regenerate the desiccant, so waste heat at a temperature between 60°C and 
95°C can be used.
The cycle analyzed is shown in Fig. 2, the Pennington cycle, for which a patent was filed 
in 1955. To obtain state 8, a flow of water (0.5 kg/s) heated to 70 ºC is used. This heat is 
supplied to the unit by a heat source, which could also be a gas burner, a solar collector, 
geothermal energy or waste heat from conventional fossil fuel systems. The type of heat 
source must be known to determine the exergy destruction and exergy efficiency of the 
exchanger. This figure presents the remaining values of the input variables, comfort levels 
of T5=25 °C and Φ5=60 % RH, outdoor conditions of T1=31.5 °C and Φ1=32.9 % RH, air flow 
rate of 0.8 kg/s, etc.
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Figure 2. Pennington cycle (ventilation cycle).

Ambient air (state 1) is fresh process air that initially passes through a desiccant wheel, where moisture is 
removed and the temperature is increased due to the adsorption heat effect. This hot, dry air is then cooled 
significantly in a regenerative heat exchanger. The process air is then evaporatively cooled to supply air 
condition by passing it through a direct evaporative cooler. On the recirculated air side, the air in state 5 is 
cooled and humidified in another direct evaporative cooler. This air is then sensitively heated in the 
regenerative heat exchanger with the process air. The resulting air stream is then heated from state 7-8 by the 
external heat source. After regeneration in the desiccant wheel, the air is discharged in state 9. 

4. RESULTS AND DISCUSSION

The dead state is defined for P0=101325 Pa, T0=4ºC and Φ0=70% RH. Fig. 3 shows the thermodynamic 
variables of each state, including thermal, mechanical, chemical and total exergy. While Fig. 4 shows the 
change of the most relevant properties in each process, entropy generated, exergy destroyed, sensible and 
latent heats, energy and exergy efficiency, water temperature and flow rate, humidifier efficiency, CSHF, 

Figure 2. Pennington cycle (ventilation cycle).

Ambient air (state 1) is fresh process air that initially passes through a desiccant wheel, whe-
re moisture is removed and the temperature is increased due to the adsorption heat effect. 
This hot, dry air is then cooled significantly in a regenerative heat exchanger. The process air 
is then evaporatively cooled to supply air condition by passing it through a direct evaporati-
ve cooler. On the recirculated air side, the air in state 5 is cooled and humidified in another 
direct evaporative cooler. This air is then sensitively heated in the regenerative heat exchan-
ger with the process air. The resulting air stream is then heated from state 7-8 by the external 
heat source. After regeneration in the desiccant wheel, the air is discharged in state 9.

4. RESULTS AND DISCUSSION
The dead state is defined for P0=101325 Pa, T0=4 ºC and Φ0=70 % RH. Fig. 3 shows the 
thermodynamic variables of each state, including thermal, mechanical, chemical and total 
exergy. While Fig. 4 shows the change of the most relevant properties in each process, en-
tropy generated, exergy destroyed, sensible and latent heats, energy and exergy efficiency, 
water temperature and flow rate, humidifier efficiency, CSHF, HSHF and exchanger efficiency. 
The properties of moist air and water are based on ASHRAE-RP1485 from ASHRAE, Hermann 
et al [7]. A heat loss in both heat exchangers of 2 % has been considered, incorporating (in 
the Grassmann diagram) the exergy destruction due to this reason to losses due to internal 
irreversibilities in each device. Fig. 5 shows the psychrometric diagram of the installation. 
Figs. 6 and 7 show the results of the applied thermodynamic, energy and exergy balances, 
respectively. In the energy analysis, the sensible and latent heats in the evaporative coolers 
are almost identical (they are processes at constant wet bulb temperature, almost isoenthal-
pic), but one incoming and one outgoing.
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Figure 3. Thermodynamic variables.

Figure 4. Results obtained.
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Figure 5. Psychrometric diagram of the process.

Figure 6. Energy diagram.
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Figure 7. Grassmann's exergy diagram.

Figure 8. Summary of exergy destruction in the elements of the installation.

Fig. 8 shows a summary of the losses due to irreversibilities of only the five essential devices (not including 
the fan, nor the losses due to air exhaust, nor in the room), for the case of the present work and in parentheses 
for the case of a drier and warmer climate (T1=32.5ºC and Φ1=22.9% RH). It is observed that when the 
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Fig. 8 shows a summary of the losses due to irreversibilities of only the five essential devices 
(not including the fan, nor the losses due to air exhaust, nor in the room), for the case of the 
present work and in parentheses for the case of a drier and warmer climate (T1=32.5 ºC and 
Φ1=22.9 % RH). It is observed that when the climate is drier and warmer, the exergy destro-
yed of the dissecting rotary heat exchanger increases, and with it also its exergy efficiency. 
While in the other elements the exergy destroyed decreases less markedly than the increase 
in the rotary heat exchanger, although their exergy efficiencies are not altered, since the ratio 
between the outgoing exergy and the incoming exergy remains constant. The device with 
the highest losses due to irreversibilities is the Rotary Desiccant Dryer (35.14 %), mainly due 
to the mixing of the process and regeneration air streams, the transfer of energy and mass 
at a finite temperature difference and the difference in pressures between the desiccant 
matrix and the regeneration air. To minimize irreversibilities in this equipment, one possible 
strategy could be to pursue isothermal dehumidification. If the air were to flow alternately 
through infinite and intercooled desiccant wheels, the process would more closely resem-
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ble an isothermal process. It is known by different authors that among the parameters that 
influence the performance of the dehumidifier are the desiccant material, its own geometry, 
the regeneration temperature, the ratio between the process air and regeneration air flows 
and the rotational speed of the dehumidifier.
On the other hand, in the evaporative cooler (3-4) there are also losses due to irreversibili-
ties of 35.04 % which are justified by the large mass transfer involved at a finite temperature 
difference. The regenerative heat exchanger also contributes significantly to exergy destruc-
tion, (12.92 %) which means that these heat exchange mechanisms (without mass exchange) 
energy efficient heating methods, such as heat pumps, could further improve the exergy per-
formance of such systems. In the heating system, the generation of irreversibilities (8.83 %) 
is justified by the temperature difference between the streams involved. This is equipment 
in which the margin for improvement in terms of irreversibilities is much more limited than 
in the rotary dehumidifier. Finally, the evaporative cooler (5-6) with a lower humidity varia-
tion than the previous one, suffers an 8.06 % exergy destruction.

5. CONCLUSIONS
The analysis presented in this paper shows how the use of THERMOPsychro and exergy 
analysis provide valuable information in the analysis of desiccant air conditioning systems, 
on the devices where the greatest exergy losses occur, pointing out where efforts should be 
directed for their minimization and consequent improvement.
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