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ABSTRACT: Poultry sector is a major contributor in GDP of Pakistan. Poultry birds are highly sensitive to ambient
temperature and relative humidity. At higher temperature and humidity ranges, poultry birds face heat stroke and
suffocation. Thereby, a dedicated air-conditioning system for poultry birds is mandatory. In this regard, performance of
low-cost desiccant dehumidification system coupled with Maisotsenko cycle evaporative cooling (M-DAC) system is
experimentally analyzed for potential application of poultry birds air-conditioning. Thermodynamic performance of MDAC system is analyzed in terms of slope (i.e. ϕ*=0.22) and effectiveness (ε). Thermal comfort of poultry birds in terms
of temperature humidity index (THI) is assessed using ambient data of Multan (Pakistan) and process air conditions. MDAC system was found to be effective (in terms of THI) for poultry birds air-conditioning around the year especially in
hot summer months (i.e. May, June July, August, and September) when THI for ambient air exceeded beyond permissible
limit.
Keywords: Desiccant dehumidification; poultry sheds; experiments; Maisotsenko cycle; THI evaluation
Fig. 2. High ambient temperatures have a major impact
on anatomy and immune system of poultry birds that
introduce inimical consequences to bird’s productivity
[6].
AC is a process that control temperature and humidity of
control environment at the same time. Conventional
vapor compression air conditioning (VCAC) systems are
used for temperature and humidity control. The
drawbacks of conventional VCAC systems like
environmental degradation, more energy utilization [7].
In addition the VCAC systems consume 30% to 40%
energy in buildings in all over the world [8,9]. Therefore,
there is need of low energy driven technologies like
Direct evaporative cooling (DEC), Indirect evaporative
cooling, Maisotsenko cycle based indirect evaporative
cooling (MEC). DEC system currently used in Pakistan
to provide cool environment in poultry farms. In direct
evaporative cooling the air is cooled by continuously
evaporation of water. The disadvantages of DEC system
center mainly on the refusal impact of too much
humidification that increases risks of algae growth. As
the humidity increases the effectiveness of bird’s internal
cooling system (panting) decreases [10]. IEC system
follows an sensible cooling technique (i.e. without
change in humidity ratio)[11]. The IEC systems are
currently used in Pakistan in poultry farms to provide the
cool air for their comfort zones. But the limitations of the
IEC systems are (i) low effectiveness as compared to
DEC (ii) no change in humidity ratio, that’s why if the
climatic condition have high humidity IEC system
couldn’t be feasible for poultry birds [12]. MEC system
is a modified version of IEC. In this system the ambient
air follows an thermodynamic process in which the
renewable energy produced from air is utilized for the
cooling of temperature [13,14].
Desiccant air conditioning (DAC) system is the process
in which the dehumidification for humidity control and

1. INTRODUCTION
Livestock play a significant role in the economies of
developing countries. As indicated by economic study of
Pakistan, livestock sector share about 60.5% to overall
agriculture and 11.2% GDP throughout 2018-2019.
Poultry sector is the most dynamic subsector of the
livestock sector. The current devotion to the poultry
business is above Rs. 700 billion. Pakistan form into
eleventh biggest poultry maker in everywhere throughout
the world with the creation of 1,163 million broilers for
every annum. Poultry meat share 34% (1,518 thousand
tons) of the total meat production (4,478 thousand tons)
in the country. Poultry sector has contributed 1.4% in all
out GDP [1]. The comparison of poultry meat production
with the human population is shown in Fig. 1. It is clear
from figure that with increase in human population, the
poultry meat production increases. It means the demand
of food or meat increases with the increase in human
population. Therefore, there should be predictive
measures to enhance the poultry meat production. The
production could be enhanced by controlling the thermal
parameters that include temperature and relative
humidity [2,3]
Temperature and humidity control are very essential for
sustainable poultry production. High humidity caused
fungal disease in the poultry because of aspergillosis.
Aspergillosis is a non-endemic respiratory disease
produce through a fungal species known as aspergillus.
Aspergillosis chiefly affect the respiratory system of
infected birds, invading the trachea, air sacs and lungs. In
chicks, the disease mostly yields in acute form and in
very relentless outbreaks that may kill about 70-90%
within 24-48h of infection of the birds [4]. The acute
form appears when large number of spores absorb by the
bird. In adult chicks, the chronic form is mostly desultory
with lesser mortality and weakened immune system [5].
The fungal disease effect due to aspergillosis is shown in
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evaporative cooling for cooling purpose takes place
simultaneously. Desiccant used in the DAC system is the
hygroscopic material in which water vapor absorbed due
to the vapor pressure difference between the surrounding
air and the material. The DAC systems are environment
friendly energy and efficient systems that reduces the
energy consumption 5% for heating and 30% for cooling
[15]. DAC systems deals sensible and latent load
simultaneously that makes the DAC systems efficient
and flexible. DAC systems are widely used in the areas
where the humidity in the air is high [16]. There are also
many general applications of DAC systems which
include agriculture product storage, green house AC,
livestock AC [3,17–21], drying system of agriculture
product storage [22]. Now a days M-cycle based DAC
(M-DAC) systems are getting interest by researchers for
humid climatic condition regions [23,24]. M-DAC
system handles latent and sensible load simultaneously.
The objective of present study is to develop the lab scale
silica-gel based DAC system, evaluate the performance
of experimental apparatus silica-gel based DAC system
and investigate the applicability of standalone and
Maisotsenko cycle evaporative cooling assisted DAC
system for poultry air conditioning in Multan (Pakistan).
Performance of M-DAC system for poultry air
conditioning was assessed in terms of temperature
humidity index (THI).

2. MATERIALS AND METHODS
2.1 Experimental Section
An open-cycle desiccant experiment system was setup. It
consisted of a heater, fan, desiccant material, accessories,
sieves, anemometer (BENETECH, GM816) with an
accuracy of ±1.5 m/s (5%) and range of 0.3-30 m/s,
temperature sensor (UNI-T, UT330A) with an accuracy
±2°C (1.6%) and range -40-80 °C, relative humidity
sensor (UNI-T, UT330A) with an accuracy of ±5% (5%)
and range 0-100 %, pressure sensor (UNI-T, UT330A)
with an accuracy of ±3hpa (0.8%) and range 7501100hPa respectively. An important component of the
desiccant system is sieves because of the desiccant
material place on it. Sieves are contrived with polyacrylic
material and mesh. A total of 18 sieves are used for the
desiccant system and were kept on each in the shape of a
rectangular block. Each sieve has a dimension of 250mm
× 145mm × 3mm and about 68g of silica gel is placed
over each sieve. Total silica gel used for this experiment
about 1.22 kg.
The experimental procedure of DAC system is that the
ambient air enters in the desiccant unit and converts into
dry and hot because of release of the heat of adsorption.
Later, the desiccant material becomes saturated by
moisture absorbed during dehumidification process.
Therefore, the regeneration process is done to provide the
regeneration stream for regeneration of desiccant
material for completion of cycle. Schematic diagram of
the experimental apparatus of silica-gel based DAC
system is shown in Fig. 3. The regeneration temperature
was set at 60°C and 70°C. The air mass flow rate that
passed through the desiccant unit is about 0.05 kg/s to
0.008 kg/s.

Fig. 1. Multiples nodules formation due to aspergillosis
[25].

Fig. 2. Poultry population growth in Pakistan for year
2010-2019.

Fig. 3. Schematic representation of experimental DAC
system.
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2.2 Research Methodology
To investigate the performance of silica-gel based DAC
system an open cycle experimental apparatus was
established. This experimental apparatus provides us
statistics of desiccant dehumidification. The desiccant
absorbent shows the absorbing nature to ingest the
moisture due to the vapor pressure difference between the
ambient air and absorbent calculated by equation (1) [26].
By using the dehumidification statistics, the relationship
is developed called slope of dehumidification line on the
psychrometric chart. The slope of dehumidification line
during dehumidification process follows an isenthalpic
behavior, ideally. But experimentally, the net adsorption
is heat is greater than the ideal adsorption heat because of
isosteric heat of adsorption [27]. The slope of
dehumidification line is calculated by an equation (2)
[26]. The Ambient air enters in the desiccant unit and
dehumidification (condition 1 to 2) takes place which
results in decrease in relative humidity and increase in
temperature of the air. Later, the dehumidified air goes
through the heat exchanger (HX) and M-cycle cooling
device is calculated by equation (3-4). The relevant work
to utilize potential of dehumidification has been
discussed [28]. The regeneration is required for
desorbing the desiccant material to complete the cycle.
The regeneration condition 6 is calculated by equation (5)
[3,29].
∆𝑋 = 𝑋𝑖𝑛 − 𝑋𝑜𝑢𝑡
𝑋 −𝑋
𝜙 ∗ = 𝑖𝑛 𝑜𝑢𝑡

(1)
(2)

𝑇3,𝑑𝑏 = 𝑇2,𝑑𝑏 − 𝜀𝐻𝑋 (𝑇2,𝑑𝑏 − 𝑇5,𝑑𝑏 )

(3)

𝑇4,𝑑𝑏 = 𝑇3,𝑑𝑏 − 𝜀𝑤𝑏 (𝑇3,𝑑𝑏 − 𝑇1,𝑤𝑏 )

(4)

𝑇6,𝑑𝑏 = 𝑇5,𝑑𝑏 − 𝜀𝐻𝑋 (𝑇2,𝑑𝑏 − 𝑇5,𝑑𝑏 )

(5)

𝑋1 = 𝑋5 = 𝑋6 = 𝑋7

(6)

𝑋2 = 𝑋3 = 𝑋4

(7)

𝑇𝑜𝑢𝑡 −𝑇𝑖𝑛

Wb, d, f1, f2, f3, f4, qT, qS, ma, THI indicates the humidity
ratio (gw/kg-DA); is the mass flow rate of air [kg/s];
represent the slope of dehumidification line [-] and slope
of enthalpy line [-]; dry bulb temperature [°C]; wet bulb
temperature [°C]; are the effectiveness of heat exchanger
(HX) and wet bulb of M-cycle indirect evaporative
cooling taken as 0.9 and 0.6 [3]; bird live weight [kg];
birds age [days]; are the coefficients available in Table
1; total heat production [j/s]; sensible heat production
[j/s]; mass of bird [kg] temperature humidity index 9[°C]
respectively.
Table 1. Coefficients for calculation of weight gain of
poultry birds with respect to days
Coefficients
𝑓1
𝑓2
𝑓3
𝑓4

Unit
(𝑘𝑔. 𝑑𝑎𝑦 −3 )
(𝑘𝑔. 𝑑𝑎𝑦 −2 )
(𝑘𝑔. 𝑑𝑎𝑦 −1 )
(𝑘𝑔)

3. PROPOSED SYSTEMS
In this study, the standalone and M-cycle based DAC
systems are proposed for the potential poultry application.
The performance assessment of these proposed system is
analyzed for the climatic condition of Multan (Pakistan).
A summary of the proposed DAC system is given below.
3.1 Standalone DAC system
Dedicated standalone desiccant air-conditioning system
(DAC) comprised of solid desiccant silica gel-based
dehumidification unit coupled with sensible heat
exchanger. Ambient air passes through desiccant block,
which dehumidifies the air and slightly increases its
temperature near to the regeneration temperature of the
desiccant block (condition 1-2). Furthermore, hot, and
dehumidified air passes through sensible heat mass
exchanger which somewhat reduces the temperature of
the air without affecting the humidity ratio (condition 3).
Ambient air conditions are used for regeneration of
desiccant block. Ambient air is passed through heat
exchanger as a return air which transfer the heat of
process air into the regeneration air, slightly raising its
temperature without affecting the humidity ratio (6). The
regeneration air passes through a low-grade heating
source (preferably solar collector, but biomass, waste
heat from processes can also be used) which further
increases the temperature of the regeneration air. This hot
and relatively dry regeneration air passes through
desiccant block which desorbs the solid desiccant (i.e.
silica gel) and absorbs its moisture, transferring the
sensible heat into the desiccant unit which is then
transferred to the process air (condition 7), hence
completing the cycle.

Optimum temperature and relative humidity are
mandatory for efficient production of poultry birds. The
ideal temperature (34-20°C) and relative humidity (5070%) zones throughout the growth period are shown in
Fig. 4 [30,31]. The birds grow their tissues, muscles due
to feed intake. The heat is produced after digestion of
feed and because of this more heat is released [32].
Therefore, the heat production by poultry birds and their
temperature humidity index (THI) is necessary for design
cooling load of AC systems. The rate of heat production
by poultry birds vary with age and weight [33]. The
weight gain with respect to age is calculated by equation
(9) [34]. The sensible and total heat production in poultry
birds with respect to days is calculated by equation (1011) [35,36] respectively. THI’s linear relationship with
dry bulb and wet bulb temperature is calculate by
equation (12) [37].
𝑊𝑏 = 𝑓1 . 𝑑 3 + 𝑓2 . 𝑑 2 + 𝑓3 . 𝑑 + 𝑓4
𝑞𝑇 = 9.84𝑚𝑎 0.75 (4𝑒 −5 (20 − 𝑇𝑑𝑏 )3 + 1)
𝑞𝑆 = 0.83𝑞𝑇 (0.8 − 1.85𝑒 −7 (𝑇𝑑𝑏 + 10)4 )
𝑇𝐻𝐼 = 0.85𝑇𝑑𝑏 + 0.15𝑇𝑤𝑏

Value
−2.1164 × 10−5
+2.5608 × 10−3
−5.3002 × 10−3
+7.0839 × 10−2

3.2 M-cycle based DAC system
Dedicated M-cycle based desiccant air-conditioning
system (M-DAC) comprised of solid desiccant silica gelbased dehumidification unit joined with sensible heat
exchanger. Ambient air passes through desiccant block,
which dehumidifies the air and slightly increases its
temperature near to the regeneration temperature of the
desiccant block (condition 1-2). Likewise, hot, and
dehumidified air passes through sensible heat mass
exchanger which slightly reduces the temperature of the

(8)
(9)
(10)
(11)

Where, the subscript 1-7 and ‘in’ ‘out’ are the conditions
shown in Fig. 4. X, , 𝜙𝑑𝑒ℎ and 𝜙ℎ , T,db, T,wb , 𝜀𝐻𝑋 , 𝜀𝑤𝑏 ,
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air without affecting the humidity ratio (condition 3).
After that, this process air passes through the M-cycle
cooling device and decreases the temperature to the
ambient air, ideally (condition 4). Ambient air conditions
are intended for regeneration of desiccant block. Ambient
air is gone through heat exchanger as a return air which
transfer the heat of process air into the regeneration air,
slightly increasing its temperature without influencing
the humidity ratio (6). The schematic diagram of
proposed M-DAC system is shown in Fig. 4. The

regeneration air passes through a low-grade heating
source (preferably solar collector, but biomass, waste
heat from processes can also be used) which further
increases the temperature of the regeneration air
(condition 7). This hot and relatively dry regeneration air
passes through desiccant block which desorbs the solid
desiccant (i.e. silica gel) and absorbs its moisture,
transferring the sensible heat into the desiccant unit
which is then transferred to the process air (condition 8),
hence completing the cycle.

Heat
source
Processed
Processed
air

8

DB-1

7

5

6

HS

HX

1

3

2

DB-2

8

4

6

7

3

2

Humidity ratio

5

1,5

4

M-cycle

air
Ambient air
Ambient

No M-cycle
cooling device in
case of
standalone DAC

Dry-bulb temperature
7. Processed hot air
4. Supply cool air
1. Ambient air
8. Heated air
2. Dehumidified hot air 5. Exhaust air
6. Hot and humidified air 9. Humid exhaust air
3. Processed air
Fig. 4. Schematic representation of proposed M-DAC system.
dehumidification achieved through the experimental
system.

4. RESULTS AND DISCUSSION
The performance of the silica-gel based DAC system is
assessed experimentally. Fig. 5 shows the experimental
profile for the climatic condition of Multan, Pakistan.

The slope of experimental dehumidification is shown in
Fig. 6. It reveals that the slope of dehumidification does
not vary significantly up to 60 minutes. Therefore, the ϕ*
= 0.22 will be used for the simulating the desiccant
dehumidification of the desiccant system.

Fig. 5. Experimental profile of ambient air condition of
Multan with desiccant dehumidification at regeneration
temperature of 65°C.
This indicates the dynamic nature of process and the
regeneration temperature of 65°C. It is clear from the
figure that after 180 minutes the surrounding air enters
the desiccant at 50-80 % relative humidity and departure
at 48% to 59% that reveals the potential of

Fig. 6. Experimental investigation of the slope of
dehumidification line at 70°C regeneration temperature.
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Additionally, this slope (ϕ* = 0.22) has been utilized for
dehumidification of climatic condition of Multan,
Pakistan for the performance assessment of standalone
and M-cycle aided DAC system for poultry application.
Fig. 7(a) and 7(b) shows the monthly based analysis of
standalone and M-cycle based DAC systems,
respectively. The temperature and relative humidity
profile on monthly based are displayed in Fig. 7.

The total heat production (sensible, latent) by poultry bird
with respect to age and weight at 28°C and 38°C are
presented in Fig. 8(a) and 8(b) respectively. It is seen that
the total heat production by poultry birds increases with
respect to age and weight. Fig. 8(a) shows that at 2.8 kg
bird live weight the total heat production is 20 J/s at 28°C.
Fig. 8(b) shows that the at 2.8 kg bird live weight at 42nd
day of growth the total heat production is 16 J/s at 38°C.
The heat produced by poultry bird at 38°C is less as
compared to 28°C because at high outside temperature
the poultry birds could not release the heat from their
body. Moreover, THI is on monthly basis for standalone
and M-cycle based DAC systems is displayed in Fig.9.
The permissible limit of THI for poultry birds for their
optimum production is less than 30°C. Hence, it is seen
that the THI for standalone DAC system is above 30°C
throughout the year. Likewise, the THI for M-cycle based
DAC system is in permissible range of THI (<30°C)
throughout the year.

Fig. 7. Monthly based temperature and relative humidity
profile of (a) standalone DAC system (b) M-cycle based
DAC system for climatic condition of Multan.
Fig. 9. Monthly based temperature humidity index (THI)
profile.
5. CONCLUSIONS
In current study, silica gel based desiccant air
conditioning system coupled with Maisotsenko cycle
evaporative cooling system was thermodynamically
analyzed for potential application of poultry air
conditioning. Performance of the solid desiccant air
conditioning system was analyzed at different
regeneration temperature. Slope (ϕ*=0.22) method was
used to analyze the performance of desiccant air
conditioning system. Performance of the advanced
indirect evaporative cooler (i.e. Maisotsenko cycle
evaporative cooling system) was analyzed using
effectiveness method. Thereby, coupled effect of
desiccant air conditioning system and Maisotsenko cycle
evaporative cooling system on ambient air was observed
for poultry air conditioning for the climatic conditions of
Multan (Pakistan). The results concluded that
temperature and humidity index (THI) calculation of
poultry birds for their thermal comfort is in permissible
range by adopting Maisotsenko cycle evaporative
cooling-based DAC system throughout the year.
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