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Abstract  With the drastically change in climatic conditions in recent years, demand for air conditioning is spreading all 
over the world. Th is causes a primary consumption of energy in high quantity. In order to provide the best indoor air quality 
and thermal comfort with min imum consumption of energy, the hybrid desiccant cooling system is one of the options in our 
daily life. In this paper, an experimental performance study has been done on the hybrid desiccant cooling system. The effects 
of various parameters on performance of the system have also been observed. It is found that the influence of the parameters 
studied on the dehumid ification rate is similar to those reported earlier. 
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Nomenclature 
P = Pressure (bar) 
T = Temperature (K) 
t = Temperature ( ͦ C ) 
ε = Effectiveness 
ρ = Density (𝑘𝑘𝑘𝑘

𝑚𝑚3� ) 
ξ = Concentration (%) 
ɸ = Relat ive Humidity (%) 
W = Specific Humid ity (𝑘𝑘

𝑘𝑘𝑘𝑘� ) 

m = moisture removal rate (𝑘𝑘
𝑠𝑠� ) 

G = mass flow rate (𝑘𝑘𝑘𝑘
𝑠𝑠� ) 

L = Latent Heat of Condensation (𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘� ) 

Subscript 
a = Air 
s = Solution  
i = In let 
o = Out let 
CaCl2 = Calcium Chloride 
HE = Heat Exchanger 
c = cooling medium 

1. Introduction 
The liquid desiccant air-conditioning system utilizes low 

grade heat  energy and  is env ironmentally friend ly . The 
dehumidifier and regenerator are the key components of the 
hybrid desiccant cooling system. The hybrid cooling system 
cons ists o f a vapour compress ion  system, efficient  in 
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sensible cooling, and desiccant dehumidifiers, efficient in 
removing latent heat load. On combin ing the two systems we 
get a hybrid system. This concept has been proposed by 
several investigators including Meckler[13] and Schlepp and 
Schultz[12]. Meckler [13] has designed and installed several 
air conditioning systems that integrate solid or liquid 
desiccant dehumidifiers with conventional vapour 
compression systems for air conditioning of commercial and 
institutional buildings. Integration of commercially availab le 
dehumidifiers for latent heat removal and conventional 
vapour compression systems for sensible heat removal for 
supermarket applications is economical today.  

Alizadeh et al.[11] designed, optimized and constructed a 
prototype of a forced flow solar collector/Regenerator. They 
employed an aqueous solution of calcium chloride as 
desiccant and studied the influence of parameters, such as air 
and desiccant solution flow rates as well as the climat ic 
conditions on the regenerator’s performance. The 
performance of a regenerator was measured by the rate at 
which it removed water vapour from the weak desiccant 
solution. The conclusion reached in that study was that the 
performance of the regenerator increased as the air flow-rate 
increased. The solar co llector efficiency generally increased 
with the increase of the air mass flow-rate. The existence of 
an optimum value of the air flow-rate at which the efficiency 
is maximal was also predicted. A  strong influence of the 
solar insolation on the collector/regenerator thermal 
performance was noticed. Yadav[2] simulated a hybrid 
desiccant cooling system comprising the tradit ional vapour 
compression air conditioning system coupled with  a liquid 
desiccant dehumidifier which was regenerated by solar 
energy. The study suggested that, when the latent load 
constitutes 90% of the total cooling load, the system can 
generate up to 80% of energy savings. Dai et al.[4] 
conducted a comparative study of a standalone VCS, the 
desiccant-associated VCS, and the desiccant and evaporative 
cooling associated VCS. The authors found an increase of 
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cold production by 38.8–76% and that of COP by 20–30%. 
Mazzei et al.[8] compared the operating costs of the 
desiccant and traditional systems using the computer 
simulation tool and predicted operating cost savings of about 
35% and a reduction of thermal power up to 52%. In the case 
were the desiccant would be regenerated by waste heat, the 
authors projected operating costs savings reaching up to 
87%.  

Sanjeev et al.[10] studied theoretically and experimentally  
a liquid desiccant cooling system made of a falling film 
tubular absorber and a falling film regenerator. For the 
purpose of performance evaluation, the authors defined 
wetness factors to characterise the uniformity of wetting of 
the surface of the contactors (dehumid ifier and regenerator) 
by the desiccant solution. Their study is of g reat interest for 
designing viewpoint, as it can help calculate more accurately 
the size of the contactors. Kadoma et al.[7] investigated the 
impact of the desiccant wheel speed, air velocity and 
regeneration temperature on the COP. The authors showed 
the existence of an optimal speed and established that the 
COP decreased when the airflow rate increased and, on the 
contrary, the temperature of regeneration and the cooling 
capacity had the same evolution tendency. 

Various authors have done parametric study and 
optimized the performance o f the hybrid desiccant cooling 
systems. Giovanni Angrisani and Francesco Minichiello[14] 
optimized a desiccant HVAC system coupled to a small size 
co-generator where they concluded that the performances of 
the two systems are strongly influenced by outdoor 
thermal-hygrometric conditions and guaranteed a primary 
energy saving when outdoor air humidity ratio is lower than 
a certain  value (11.5 g/kg) and outdoor air temperature is in 
the range 25 – 36 ℃. Later in 2011, Avadhesh Yadav and  
V.K.Bajpai[15] founded that the 10RPH and 20RPH are the 
optimum parameter of desiccant wheel for the rotation speed. 
This study was carried out to evaluate the dehumid ification 
rate of air in a dehumidifier packed tower structure using the 
liquid  desiccant H2O/CaCl2 and by varying the liquid 
desiccant, airflow rates, in let air and desiccant conditions. In 
the present study, the performance as well as parametric 
study for a hybrid desiccant cooling system has been done. 
The experiments were performed at Renewable Energy Lab 
of Mechanical Engineering Department, Institute of 
Technology, Banaras Hindu University, Varanasi, India. 

2. System Description 
The Hybrid desiccant cooling system basically consists of 

two packed towers (Figure1). One is for absorption and 
another one is for regeneration. Both towers are in 
cylindrical in shape and of similar size. The towers are made 
of up of fibre rein forced plastic (FRP) o f thickness 4 mm and 
it has a constant height of 100cm .Packing is done using 
polypropylene cascade ring of specific surface area 205 
𝑚𝑚2

𝑚𝑚3�  for a height of 30 cm .Beneath both the towers, a 
collection tank made up o f aluminium, fo r storage of the 

liquid  desiccant has been provided. The arrangement fo r the 
tanks is such that heated desiccant is sprayed on to the 
regenerator and cool desiccant is sprayed on to the  
absorber.  

 
Figure 1.  Photograph of Experiment Setup 

In the absorber, moisture is absorbed from the incoming 
air stream, due to the vapour pressure difference between the 
air and solution. Thereby, the dehumid ification takes place. 
From the absorber, the desiccant falls into a collection tank 
where it  is heated to an elevated temperature so as to increase 
its vapour pressure and this heated desiccant is sprayed on to 
the regenerator where the moisture is transferred into the air 
stream. A PT100 sensor is used to sense the temperature of 
the heated desiccant. The other tank is cooled using an ice 
which is covered with thermocoal to avoid any heat 
exchange with surrounding. In  the towers, the desiccant and 
air flow in a counter current manner. Desiccant is sprayed on 
to the packing and air moves upward through the packing. 
For obtaining the airflow, two centrifugal fans of capacity of 
10 m3 /min each, are installed at the entry of the two  
towers.  

Two centrifugal pumps each with a maximum discharge 
of 800 litre /hour are used for pumping the desiccant into the 
two towers. Desiccant is distributed into the towers by means 
of multi point distributor made of PVC p ipes and it trickles 
down through the packing to the outlet, which is situated at 
the bottom. Demister pads are placed at the top of the two 
towers to eliminate desiccant carry  over through the air 
stream. The specifications of the measuring devices used are 
given in Table 1. 

Table 1.  System Specifications 

Quantity Manufacturer 
Air Flow Anemometer 0 to 30 m/s 

Desiccant Charge 35% CaCl2 
Desiccant Flow 0.125 L/s 
Thermocouple -250ºC to 300ºC 
Hygrometer 0 to 100 % RH 

Once steady state conditions have been attained, the 
different measurements viz inlet and outlet temperature of 
the desiccant and air , using calibrated T type thermocouples, 
inlet and outlet  air relat ive humid ity using digital capacit ive 
probe hygrometer in let and outlet desiccant concentration, 
are measured. In the measurement of concentration of 
desiccant, weight of a known quantity (100ml) of the 
desiccant is taken whereby its density is calculated and the 
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concentration is calculated using the correlation developed 
by Manuel R. Conde[1]. Once these readings are obtained 
for the dehumidifier, the moisture removal rate is  
calculated and the effect of the different variables  namely 
air inlet temperature, desiccant inlet temperature solution to 
air flow ratio is studied. For studying their effect, one 
variable is changed keeping all others at their mean values 
and their effects are studied for both absorber and 
regenerator. 

3. Mathematical Modelling 
The performance of desiccant cooling system can be 

evaluated using the hereafter mathematical expressions. 
These expressions were derived by the author Gandhidasan P 
et al.,[5]. The air moisture removal effect iveness is defined 
by 

 𝜀𝜀𝑚𝑚  = 
𝑃𝑃𝑎𝑎 ,𝑖𝑖− 𝑃𝑃𝑎𝑎 ,𝑜𝑜

𝑃𝑃𝑎𝑎 ,𝑖𝑖 − 𝑃𝑃𝑠𝑠,𝑖𝑖
                (1) 

where Pa,i, Pa,o, Ps,i, designate respectively the air in let 
water vapour pressure, air outlet  water vapour pressure, and 
the solution vapour pressure. 

The vapour pressure of inside as well as outside air is 
obtained by 

P = 0.61078 exp (
17 .269 ∗𝑡𝑡
237 .3+𝑡𝑡

)             (2) 

The vapour pressure of CaCl2 is calculated by 
PCaCl2 = A25 f(ξ,θ) + f(water)               (3) 

θ = 
𝑇𝑇

228
 – 1                           (4) 

f(ξ,θ) = A + Bθ                               (5) 

A = 2 – ( 1 + (
𝜉𝜉

𝐴𝐴0
)A1)A2                      (6) 

B = ( 1 + (
𝜉𝜉

𝐴𝐴3
)A4)A5 – 1                       (7) 

A25 = 1 – ( 1 + (
𝜉𝜉

𝐴𝐴6
)A7)A8 – A9e

−(𝜉𝜉 −1)2

0.005
         (8) 

f (water) is the vapour pressure above the normal water 
surface at different temperature. 

Table 2 show the values of parameters used in the vapour 
pressure calculations below. Vapour pressure on the water 
surface is calculated by- 

ln(𝑝𝑝
𝑝𝑝𝑐𝑐� ) = ( 𝑎𝑎1τ + 𝑎𝑎2 𝜏𝜏1.5 + 𝑎𝑎3𝜏𝜏3  + 𝑎𝑎4𝜏𝜏3 .5  + 𝑎𝑎5𝜏𝜏4  + 

𝑎𝑎6𝜏𝜏7 .5  ) 𝑇𝑇𝑐𝑐 /T        (9) 
where p  is the pressure, T = T90, and subscript c indicates 

the values at the critical point; τ = 1 – T/Tc. The values for 
substitution in the equation are: 

𝑇𝑇𝑐𝑐  = 647.096 K,  
𝑝𝑝𝑐𝑐  = 220.64 kPa,  
𝑎𝑎1  = -7.85951783,  
𝑎𝑎2  = 1.84408259, 
𝑎𝑎3  = -11.7866497,  
𝑎𝑎4  = 22.6807411,  
𝑎𝑎5  = -15.9618719,  

𝑎𝑎6  = 1.80122502 
Likewise, the desiccant cooling efficiency is defined by 

𝜀𝜀𝑠𝑠 = 
𝑇𝑇𝑠𝑠,𝑜𝑜− 𝑇𝑇𝑠𝑠,𝑖𝑖

𝑇𝑇𝑠𝑠,𝑜𝑜  − 𝑇𝑇𝑐𝑐,𝑖𝑖
                      (10) 

where Ts,o, Ts,i, Tc,i, designate, respectively, the 
desiccant solution outlet temperature, the desiccant solution 
inlet temperature, the cooling medium in let temperature. 

The outlet temperature of the desiccant solution is  
derived from the above expression and represented by the 
expression 

    𝑇𝑇𝑠𝑠 ,𝑜𝑜=
𝑇𝑇𝑠𝑠,𝑖𝑖− 𝜀𝜀𝐻𝐻𝐻𝐻 𝑇𝑇𝑐𝑐,𝑖𝑖

1 − 𝜀𝜀𝐻𝐻𝐻𝐻
                  (11) 

The relation linking the concentrations of inlet and outlet 
desiccant solution is given by 

1
𝜉𝜉𝑜𝑜

 = 
1
𝜉𝜉𝑖𝑖

 ( 1 + 
𝑚𝑚ͦ
𝐺𝐺𝑠𝑠

)                 (12) 

Finally  the mass rate of moisture removal is obtained from 
above equation. 

From the previous studies on the traditional packed bed 
dehumidifiers, the values of Ga/Gs were slightly more. 
(Factor and Grossman, 1980, Ga/Gs ¼ 1.25–2; Fumo and 
Goswami, 2002, Ga/Gs ¼ 1.3–3.3; Saman and Alizadeh, 
2002, Ga/Gs ¼ 3.2–9.4.). But in our case, we have taken the 
Ga/Gs as lower than 1. This is because to achieve the 
required cooling air parameters. 

The moisture absorption capacity per litre solution per 
second is defined as the dehumid ification capability of this 
sort of solution or the moisture removal rate by air is given 
by the following equation: 

m = Ga * ΔW = Ga * (Wa – Ws)           (13) 

Wa = 0.622 
ɸ%∗𝑃𝑃𝑎𝑎

𝑃𝑃− ɸ%∗𝑃𝑃𝑎𝑎
                   (14) 

P = 101.325 kPa                                  (15) 
Ws = (1.43248e𝑡𝑡

14.31737�   - 0.14869) – 
(1.43248e𝑡𝑡

14.31737�   - 0.14869 – 1.3372 e𝑡𝑡
22.12633�   - 

0.81576) / 5 * (35 - ξ) (16) 
Now, if an heat exchanger is used between the absorber 

and regenerator, then the moisture removal rate is given by 
following equation: 
ṁ = 1/L[{(Cs*εHE)(Ts,i – Tc,i)}/(1 - εHE) – {Ca * (Ts,i – 

Ta,i)}]                        (17) 
The Heat Capacity of Air, Ca is calculated by- 

Ca=1.9327E-10*T4-7.9999E-07*T3+1.1407E-03*T2-4.4890
E-01*T+1.0575E+03         (18) 

The Heat Capacity of CaCl2 is calculated as per Table 3 
and given by- 

Cs=CH2O(T)(1-f1(ξ))f2(T)             (19) 
CH2O = 88.7891 – 120.1958 θ0.02 – 16.9264 θ0.04 + 

52.4654 θ0.06 + 0.10826 θ1.8 +0.46988θ8     (20) 
θ= 𝑇𝑇

228
–1                       (21) 

f1(ξ) = Aξ + Bξ2 + Cξ3 (ξ <= 31%)     (22) 
f1(ξ) = D + Eξ(ξ > 31%)                (23) 
f2(T) = Fθ0.02 + Gθ0.04 + Hθ0.06      (24) 
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Table 2.  Parameters of the vapour pressure equation for solution 

𝐴𝐴0 𝐴𝐴1 𝐴𝐴2 𝐴𝐴3 𝐴𝐴4 𝐴𝐴5 𝐴𝐴6 𝐴𝐴7 𝐴𝐴8 𝐴𝐴9 
0.31 3.698 0.6 0.231 4.584 0.49 0.478 -5.2 -0.4 0.018 

Table 3.  Parameters of the specific thermal capacity equation for solutions 
A B C D E F G H 

1.63799 -1.6900 1.05124 0.0 0.0 58.5225 -105.63 47.794 
 
4. Result and Discussion 

The equations 2-9 have been used to calculate the 
performance data varying the air temperature from 30.1ºC to 
33.1ºC. Figure 2 shows the variation of moisture removal 
effectiveness with the inlet air temperature. It is clear from 
the figure that by increasing inlet air temperature, the 
moisture removal effectiveness of air also goes on increasing. 
Here, when air temperature is lower than desiccant solution 
temperature, then air is heated up by desiccant solution and 
sensible heat is t ransferred from air to desiccant solution. But 
on increasing air temperature, air temperature dominates 
over desiccant temperature and able to transfer both sensible 
heat as well as latent heat. 

 

Figure 2.  Moisture Removal Rate v/s Inlet Air Temperature 

Under the constant desiccant flow rate and desiccant in let 
concentration, the outlet desiccant concentration is 
calculated and thereby moisture removal rate (m ͦ) by using 
equation 12. In the measurement of concentration of 
desiccant, weight of a known quantity (100ml) of the 
desiccant is taken whereby its density is calculated along 
with  its temperature and  the concentration is calcu lated using 
the correlation developed by Manuel R. Conde[1]. 

Figure 3 shows the variat ion of moisture removal rate with 
outlet desiccant concentration. It reveals that varying outlet 
concentration from 4.37 to  5.2 gives rise to moisture removal 
rate. This shows that by increasing outlet concentration, the 
absorption capacity of desiccant goes on decreasing and thus 
moisture removal rate also goes on decreasing. 

 

Figure 3.  Moisture Removal Rate v/s Desiccant Outlet Concentration 

In Figure 4, as shown below, the variation of moisture 
removal rate with humidity change under the same air 
temperature has been depicted. Th is shows that by increasing 
humid ity change, moisture removal rate also goes on 
increasing. It  means that when increasing moisture inside air, 
latent heat also increases due to more condensation of 
moisture. This extra amount of latent heat increases the 
temperature of air and thus it increases the moisture removal 
rate. 

 

Figure 4.  Moisture Removal Rate v/s Humidity Change 

Figure 5 shown below, depicts the variation of air flow 
rate with the moisture removal rate. It is observed by the 
figure that by increasing air flow rate, moisture removal rate 
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also goes on increasing under the constant desiccant flow 
rate. It is due to the fact that by increasing air flow rate, more 
amount of moisture comes in contact with desiccant. This led 
to greater amount of condensation of moisture in a solution 
which overall increases moisture removal rate. 

 

Figure 5.  Moisture Removal Rate v/s Air Flow Rate 

4.1. Parametric Studies  

The following input parameters have been used to study 
the effect of various parameters on the performance of the 
system. 

Inlet Desiccant Temperature = 17 ͦ C, Inlet Air Humidity = 
14 𝑘𝑘

𝑘𝑘𝑘𝑘�  , Desiccant flow rate = 0.2685 𝑘𝑘𝑘𝑘
𝑠𝑠�  , Desiccant 

concentration = 35 %  

4.1.1. Effect of Inlet  Air Temperature 

Figure 6 shows the variat ion of moisture removal rate with 
inlet air temperature.  It is clear from the figure that if the air 
temperature is less than the desiccant temperature, the air 
exchanges only sensible heat but when air temperature 
becomes more than desiccant temperatures, then latent heat 
also add significantly and thus there is a sudden increment in 
curve. 

 
Figure 6.  Moisture Removal Rate v/s Inlet Air Temperature 

4.1.2. Effect of Desiccant Outlet Concentration  

Figure 7 shows the variat ion of moisture removal rate with 
outlet desiccant concentration. Now, on  varying outlet 

concentration from 0.10 to 0.45, moisture removal rate goes 
on decreasing. This means that on increasing outlet 
concentration, the absorption capacity of desiccant goes on 
decreasing and thus moisture removal rate also goes on 
decreasing. 

 

Figure 7.  Moisture Removal Rate v/s Desiccant Outlet Concentration 

4.1.3. Effect of Outlet A ir Temperature  

Figure 8 shows the variation of moisture removal 
effectiveness with the outlet air temperature. The reason 
behind it is that on increasing the air temperature, the air 
goes on losing its capability to exchange its sensible heat 
due to closeness of temperature difference.  

 

Figure 8.  Moisture Removal Effectiveness v/s Outlet Air Temperature 

4.1.4. Effect of Air Flow Rate  

Figure 9 shows the variat ion of moisture removal rate with 
humid  air flow rate. Here, on increasing air flow rate, 
moisture removal rate also goes on increasing under the 
constant desiccant flow rate. On increasing air flow rate, 
more amount of moisture comes in contact with  desiccant. 

0

0.2

0.4

0.6

0.8

0 0.1 0.2 0.3

M
oi

st
ur

e 
Re

m
ov

al
 R

at
e 

(g
/s

)

Air Flow Rate (kg/s)

0.086

0.088

0.09

0.092

0.094

0.096

0.098

0 10 20 30

M
oi

st
ur

e 
Re

m
ov

al
 R

at
e 

(g
/s

)

Inlet Air Temperature  ͦ C

-0.2

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6

M
oi

st
ur

e 
Re

m
ov

al
 R

at
r 

(g
/s

)

Desiccant Outlet Concentration

-1

0

1

2

0 20 40 60M
oi

st
ur

e 
Re

m
ov

al
 

Ef
fe

ct
iv

en
es

s

Outlet Air Temperature   ͦ C



258 Pradeep Patanwar et al.:  Parametric Studies of a Hybrid Desiccant Cooling System   
 

 

This led to greater amount of condensation of moisture in a 
solution which overall increases moisture removal rate. 

 

Figure 9.  Moisture Removal Rate v/s Air Flow Rate 

5. Conclusions 
The following are the conclusions drawn from the present 

study: 
•Increased inlet air temperature helps the desiccant 

solution to easily trap the moisture from humid fresh air and 
thus increases the effectiveness. 
•Increased air flow rate enhances the condensation of 

moisture and thus overall increases moisture removal rate. 
•Similarly, increased humid ity also enhances 

condensation and thereby moisture removal rate. 
•The optimum inlet  temperature should be more than 17℃  

when the desiccant inlet temperature is 17℃ and desiccant 
concentration is 35 %. 
•The optimum desiccant outlet concentration should be 

between 0.2 to 0.9. Th is range has been found to be the most 
effective fo r moisture removal if the inlet desiccant 
concentration is 35 % and desiccant flow rate to be 0.2685 
kg/s. 
•The optimum air flow rate should be between 1.5 m/s to 

2.5 m/s if the desiccant flow rate assumed to be 0.2685 kg/s 
and inlet humidity ratio to be 14 g/kg. 

The influence of the parameters studied on the 
dehumidification rate can be assumed to be linear. Further 
research work with other desiccant solutions and different 
cascade ring for efficient mixing o f air and desiccant solution 
can be undertaken to analyse the system performance. 
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