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ABSTRACT: Recently, desiccant air conditioning system is an alternative to conventional air-conditioning system in
effective control of temperature and humidity. Temperature and humidity play an important role in the thermal comfort
of humans. In the agriculture sector, it can be used to reduce post-harvest losses by providing specific conditions of about
temperature and humidity in the storage system. Working principle of the DAC system is shown in the schematic diagram
with a representation of the psychrometric chart. DAC system is water adsorption system as it adsorbs water and
dehumidifies the air required for a specific purpose. DAC contains silica gel with different configurations. Air is passed
through the DAC system and dehumidified after being released. Some analysis is made under controlled conditions and
feasibility of the system is checked by applying Beccali Model available in the literature. Results show that DAC system
is more economical and energy-saving with environment-friendly characteristics. DAC system is applicable in all
conditions of agriculture products storage and industrial-scale air conditioning.
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1. INTRODUCTION

Air Conditioning is a procedure of controlling the
humidity and temperature of an air in a specific
environment. Different climatic areas have different
types of requirements regarding air conditioning for
humid dry and hot conditions. But that system should be
environment friendly, cheap and energy efficient [1].

In modern human life, primary energy source is getting
importance in  thermal comfort of humans.
Dehumidification is important parameter for thermal
comfort where human beings live like homes, schools
and offices. [2]

Green energy technology is best alternative to fossil fuels
due to energy efficient and suitable for renewable energy
resources [3]. The level of temperature and relative
humidity is important for ideal human ease. Human
beings need proper air-conditioning system for living
which could fluctuate according to their needs and
seasons. Air-conditioning system basically controls the
temperature and relative humidity of ambient air. Today
air-conditioning is essential for industrial air
conditioning, agriculture products storage and non-
humans (animals) air-conditioning [4].[5]

In the air conditioner, sensible and latent loads should be
controlled inside the buildings to create the indoor
thermal comfort [6][8]. Mechanical based conventional
vapor compression systems use the process of
condensation of water vapors by controlling the latent

load usually by cooling the air below the temperature of
dew point then it can be reheated for required conditions

[6].

With the increasing trend of population in Pakistan,
demand of energy resources is increasing. Fossil fuels
like coal and oil are main source of energy and their
contribution toward energy production is about 87%. But
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contribution of renewable resources is about 4%. about
87% of total energy is produced from fossil fuels such as
oil, coal, liquefied petroleum gas (LPG) and natural gas,
while only 4% from renewable energy (RE) resources for
total energy supply in the country.

The total energy produces from different sources during
the fiscal year 2017 accounts for thermal as 64%,
followed by hydroelectric 26%, nuclear 6% and
renewable energy 4% illustrated in For energy saving
point of view, DAC system can save 24% electrical
energy and 1-13% CO, reduction when compared to
other conventional system [9].

Table 1. Different climatic conditions for desiccant air
conditioning system analysis reproduced from [10].

# Climatic T (°C) RH (%)
condition

1 High humid 23 90

2 Moderate 28 70
humid

3 Less humid 33 50

Desiccant has hygroscopic properties and creates vapor
pressure difference in attraction of moisture. (DAC)
controls humidity by dehumidification and temperature
by evaporative. The DAC is the best technology because
it does not use refrigerants like CFCs and HCFCs and
required less energy for its regeneration process [11]. The
size and dimensions of the DAC system depends on the
supply air, ambient conditions, and source of heat for
regeneration. Silica gel particles are used for adsorption
purpose due to porous structure. They hold water in
cavities presented in them. Solid desiccant systems could
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be best alternate of conventional systems [12], [13]. Fig.
1 shows the system schematics and the working process
of desiccant regeneration and dehumidification. After use,
air is again passed through heat source for regeneration.

Heat source

Exhaust air

Supply air

Fig 1. Schematic diagram of desiccant air -conditioning system.

The processing the air in heat exchanger, we can use it
for required purpose. process is done continuously.
Ambient air is first passed through desiccant wheel for
dehumidification. Moisture in the air is adsorbs by
desiccant wheel and gets dehumidified. After
dehumidification, temperature of the air gets slightly
higher [14]. Basically, desiccant wheel consists of
desiccant material which adsorbs moisture from the air
by developing pressure at desiccant surface and air vapor
pressure. Vapor Surface get higher as air moves from
point 1 to point 2. It is the dehumidification process and
after this process air is supplied to the required conditions.
After the supply of air, regeneration process starts.
Purpose of that process is to remove moisture from
desiccant material by applying hot air at a temperature of
about 50°C. the whole process is shown in Fig. from
point 6 to point 7. After regeneration, the desiccant
material is ready for next process of dehumidification and
starts collecting moisture from the air [5], [15]. The
regeneration is mandatory for the reactivation of silica
gel for completion of cycle.

X [o/kg-DA

T [°C]
Fig 2. Psychrometric representation of working principle
of DAC system.

For the desiccant cycle, the ratio of regeneration and
dehumidification is considered asl:1. At this cycle ratio,
process air get dehumidified up to 5g/kg [16]. The ideal
DAC cycle was established on the psychrometric chart to
attain the latent and sensible loads of air conditioning as
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shown in Fig. 2. Basically, the above-mentioned
psychrometric  chart shows the process of
dehumidification and cooling process from point 1 to
point 4. Process of regeneration is from point 1 to point
8 and temperature is at increasing trend. With the
increase of dry bulb temperature, numerical value of
relative humidity decreases and vice versa. The values of
humidity ratio decrease at the start of process of
dehumidification and then it becomes constant from
point 1 to point 4 at the psychrometric chart.

Working principle of desiccant dehumidification system
is shown in Fig. 3. Air is passed through the desiccant
block containing silica gel as desiccant material.
Moisture in the ambient air is adsorbed and dry air with
a relatively high temperature is obtained at the outlet of
desiccant block. That dry cooled air is used for a specific
application. For the continuous working of the system,
regeneration process id helpful as it provides heat to
remove moisture from the descant material and makes it
suitable for next process.

1 =Process air, 2 = Regeneration heat source,
3 = Heat supply, 4 = Desiccant dehumidifier
5 = Moisture out , 6 = Dry air,
7= Cooling unit, 8= Cooled supply air

Fig 3. Working principle of desiccant dehumidification
system [17].

Desiccant material adsorbs water as it is hygroscopic.
The adsorption phenomenon is shown in Fig. 4 A set of
equations are used for the performance analysis of
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desiccant wheel and investigation of M-Cycle has been
done which are developed by [18], [19]. The desiccant air
conditioning system controls the sensible and latent load
of air conditioning distinctly. Such distinct control of air
makes the system more flexible for different application.
The DAC system has been used in wide applications like
agriculture product storage, livestock animals, green
house air conditioning museums, hospitals, marines,
automobiles. The potential of these application with
DAC system have been discussed in the literature.

Adsorbed
phase

Bed pores
(Void space

Micro-pores
Fig 4. Water vapor adsorption phenomena in Silica gel.

2. MATHEMATICAL FORMULATION

To study the performance of desiccant air conditioning
system, silica gel is used as desiccant material for
performance analysis of desiccant wheel. The
experimental system contains desiccant wheel for
dehumidification, desiccant lock containing silica gel,
heat source for regeneration of desiccant material.

Table 2. Conditions to operate the experiment

Parameters Values
Regeneration temperature  50-70°C
Ambient temperature 35-40°C
Humidity ratio of outdoor  15-20g/kg
air

WN P

To compare the results mentioned above, Beccali model
is applied for different climatic conditions like varying
temperature and relative humidity. The silica-gel
desiccant wheel (DW) based DAC system is considered
in this study. [10], [20]. The measured data is obtained
for silica gel performance evaluation. For this purpose,
two kind of data are manipulated, temperature and
relative humidity at inlet and outlet conditions. The
restrained data is used in set of equations for performance
analysis of silica gel. The equations have been used to
measure the temperature, absolute humidity, and relative
humidity for outlet conditions [18].

Performance evaluation of desiccant wheel is analyzed
by using the set of equation from 1 to 4.

Enthalpy from Beccali model is calculated using the
equation 1.

h, = 0.1312h, + 0.8688h, 1)
h, = 1.006T, + X, (2501 + 1.80T,) )
RH, = 0.9428RH, + 0.0572RH, (3)
RH, %5372 —17976 _ h,-1.006T;, @)
18671 2501—1.805T,
0.053T.
X, = e 2 (0.9428RH7+0.0572RH1) _ 1.797¢ (5)
18.671

Where h; and h; are enthalpies obtained from ambient
conditions and regeneration process, respectively.

Relative humidity for Beccali model is calculated by
using the equation 2.

RH, and RH, are relative humidities at ambient
conditions and regeneration process, respectively. T, is
outlet temperature for Beccali model. X, is humidity ratio
of outlet for Beccali model and is calculated by using the
equation 4. h, is the enthalpy at regeneration process.
The equation 1 and 2 are used to calculate the enthalpy
and relative humidity at stage 2 which is the outlet of
desiccant wheel and equation 3 is used to calculate the
temperature of the after dehumidification. Equation 4 is
the relation to measure the humidity ratio after
dehumidification of air. Humidity ratio is same at point
1,5,6,7.

Performance of the DAC system is evaluated by the
expression of cooling capacity of the system and heating
input during regeneration of the system. Enthalpy is main
parameter for evaluating the coefficient of performance
of the system. Equations of simulated model have
advantage over other systems due to their simplicity. The
model is not complex but used for the performance
analysis of different desiccant systems. These equations
are helpful in solving in solving complicated
experimental data.

3. RESULTS AND DISCUSSION:

In the first stage of investigation, the basic performance
of the desiccant wheel was evaluated at the regeneration
temperature of 70°C. It can be concluded from the results
that desiccant air conditioning system is best suitable for
the applications where the air having low temperature
and humidity is required. For more precise requirements
of air conditioning, we use some equations like Beccali
model. These types of equations can result better as
compared to desiccant dehumidification unit. Low
temperature and low humidity can be obtained from
equation. After analysis it can be concluded that model
system used in this study is better than experimental
system. Air flow rate and temperature of regeneration
effects greatly for performance analysis of the system.
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Fig 5. Performance evaluation of DAC system for
temperature and relative humidity.

Fig. 1 represents the results obtained from the
experiments of desiccant dehumidification system. At the
outlet of the system, temperature gets slightly higher due
to moisture adsorption at the desiccant material. When
moisture adsorbs, air turned into dry form that cause in
temperature increment. Inlet temperature range is 34°C
and outlet temperature range is 40°C. In case of relative
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humidity, it gets decrease at the outlet of the system due
to moisture adsorption at the desiccant material. Moisture
at the inlet point is 67% and moisture at outlet point is
52%. Desiccant system is an attractive alternative due to
properties of dehumidification [21]. Some analysis is
done for ambient conditions to compare the results of
desiccant dehumidification system by putting the values
of ambient conditions. Outlet results are more feasible as
compared to desiccant system. in other words, we can say
that performance of the modeling system is better. For
analysis, set of equations of Beccali’s model are used. In
this system, we measure the parameters of temperature,
relative humidity, enthalpy, and humidity ratio.

Fig. 6 represents the overall performance of Beccali
model results for temperature and relative humidity at the
outlet points. Temperature at outlet condition is higher
and relative humidity gets decrease as compared to inlet
conditions.
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Fig 6. Performance evaluation of Beccali model for
temperature and relative humidity.
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Fig 7. Comparison of temperature at inlet and outlet
conditions of DAC system and Beccali model system.

Fig. 7 represent the performance of the experimental
system and modeling system during dehumidification
process. Experimental system of DAC achieves the
temperature range 41°C to 48 °C and in modeling system,
the achievable temperature range 46°C.to 58°C By
performance evaluation of the both systems, we can
conclude that performance of the modelling system is
better as compared to experimental system. All the
conditions are achieved within time limit. Therefore, the
desiccant system is useful in the applications where the
purpose is to just dehumidify the air.

Fig. 8 reveals that during the process of
dehumidification, relative humidity at the outlet point is
in decreasing trend as compared to inlet conditions of the
systems. When compare the outlet conditions of the
experimental system and Beccali model system then we
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can say that relative humidity at outlet condition of the
Beccali model is less that is required. We can conclude
that Beccali model is performing well toward feasibility
of the system. The obtainable relative humidity range at
outlet condition for Beccali model is 45% to 32% and
from experimental system is 65% to 39% respectively.
That is the reason behind the selection of Beccali model.
Performance of the Beccali model is better as compared
to experimental system of desiccant air conditioning
system.
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Fig 8. Comparison of relative humidity at inlet and outlet
conditions of DAC system and Beccali model system.
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Fig 9. Enthalpy profile of outlet conditions of
experimental system and Beccali model system.

Fig. 9 represents a difference between inlet and outlet
conditions of both the compared system. Beccali model
has low enthalpy approach as compared to experimental
system. experimental system has more value of enthalpy
which is not required for system feasibility. The enthalpy
values show the performance of the two systems.
Enthalpy for modelled and experimental system is almost
same for throughout the dehumidification cycle. For
performance point of view, we can conclude that Beccali
model has accurate performance and is suitable for
different applications.
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Fig 10. Dehumidification capacity of the experimental
system and Beccali model system.
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Fig. 10 represents the moisture removal capacity of
experimental system and Beccali model system. in this
process comparison has been made. Model data is
removing more moisture when compared with
experimental data. Moisture removal capacity of model
data is more than desiccant experimental system. The
system is applicable in the applications of low humidity.
Based on moisture removal or dehumidification capacity,
the feasibility of the system is considered.

4. CONCLUSIONS

In Pakistan, dehumidification system is required in all
humid areas and in rainy seasons during summer days.
Less humid air is required in different air conditioning
application. Pakistan has more potential toward
renewable energy resources. It has been seen that
desiccant dehumidification system is simple technology,
but its performance is remarkable. If we combine its
performance with some modelling system than the results
are very attractive.

Present study experimentally investigates the
performance of desiccant air conditioning system at
different temperature and relative humidity. DAC can
perform specific function at controlled system and need
some modification in its performance based. for this
purpose, set of equations of Beccali model are used for
performance evaluation and the results are compared
with DAC system. It is clear from the results that Beccali
model performs better when compared to DAC system as
it has more potential in dehumidification of air. Optimum
value of temperature for regeneration purpose is 70°C.
regeneration temperature varies according to the
applications like agriculture products storage, human
thermal comfort, and animal air conditioning. A
considerable working range is achieved by using the
modelling system.
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