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A B S T R A C T  

 

Corrosive fluids such as lithium chloride are often used in liquid desiccant air conditioners. Corrosion in 
enthalpy exchanger is one of the design problems. Some solutions are studied in this research, and based 

on them; an experimental setup is investigated. In this design, a counter-flow enthalpy exchanger is used 
to exchange moisture between the air and the liquid desiccant. First, the inlet air is preheated or precooled 
by an aluminium heat exchanger. Then, the liquid desiccant is preheated or precooled by thin-walled 

plastic tubes. By contacting this processed air and liquid desiccant, heat, and mass exchanging occurs. 
The variation of the air moisture content is investigated in laboratory conditions, and the rate of 
regeneration and dehumidification is studied. The results indicate that in general, the ambient air 
moisture content decreased around 20% during the dehumidification process and it  enhanced around 

14.28% during the regeneration process. Furthermore, the moisture content variation in the 
dehumidification process improved at least 9.92%, but the regeneration process decreased at least 
10.76% compared to the previous study. In addition, utilizing the particle swarm optimization algorithm 
is desirable to identify the system's transient behavior and obtain the fitting parameters of a curve that is 

closely similar to the experimental data of the rate of dehumidification and regeneration and the average 
errors of the fitted curve were 10.43 and 1.52%, respectively.  

doi: 10.5829/ije.2022.35.02b.19 
 

 
1. INTRODUCTION1 
 

Although air conditioners were considered luxury  

products in the past, these days, they have become a 

necessity of human life [1]. Rising living standards, 

advances in technologies, and population growth have 

caused about 15% of the world's energy to be used by air 

conditioners [2]. The air conditioners in use are almost 

the vapor compression type, which has low efficiencies  

and use of CFC, HCFC, and HFC refrigerants . These 

refrigerants are used to cool water in evaporators, and 

over time, due to their leakage into the atmosphere, they 

react with ozone in the stratosphere. They also need fossil 

fuels and a large amount of electricity. Therefore, due to  
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the energy crisis and the destruction of nature, 

researchers have turned to other methods, including 

desiccant cooling systems (DCS). The optimal desiccant 

should have a high moisture absorbing  capacity and, at 

the same time, a lower regeneration temperature[3]. 

Desiccant cooling systems include solid or liquid  

desiccant. Solid desiccants are inexpensive, non-

flammable, non-corrosive, and environmentally friendly  

and regenerate faster than liquid desiccants. However, 

they consume more energy. Unlike liquid desiccants, 

dehumidification and regeneration in solid desiccants are 

usually done simultaneously [4].  

Liquid Desiccant systems (LDSs) usually consist of 

components such as dehumidifier, liquid desiccant,  
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regenerator, and packing material. Liquid desiccants such 

as lithium chloride, lithium bromide[5], and other salts 

are corrosive. Any transfer of liquid desiccant with the 

airflow (carryover) can seriously damage the habitant's 

health. Corrosion and carryover, which are the main  

problems of these systems, can be solved us ing plastic 

materials and microporous membranes as semi-

permeable membranes, respectively. 

Important properties of liquid desiccants include 

conductivity, dynamic viscosity, specific heat capacity, 

density, and surface vapor pressure. The materials with 

low vapor pressure are LiCl, LiBr, and CaCl2, in which 

LiCl has the minimum vapor pressure.  

Nowadays, the general policies of countries are to 

reduce energy consumption and use of renewable 

resources. Renewable energies such as solar energy [6] 

and wind energy [7] can generate the energy demanded 

in LDAC systems. Alizadeh and Saman [8] studied a 

solar collector's thermal performance as a regenerator 

and used a computer model for CaCl2. They found that 

the theoretical model and experimental results had a good 

agreement [9]. Qiu et al. [10] used a system with a 

biomass boiler that supplied 554 Watts for regeneration. 

In this study, HCOOK was used which reduced the 

relative humidity by up to 13% for humid air. Turgut and 

Çoban [11] also conducted an experimental and 

numerical study and evaluated LiBr and LiCl 

dehumidification rates. The results indicated that LiCl 

had a higher dehumidification rate. In a theoretical and 

experimental research, Mohamed et al. [12] observed that 

the dehumidification was increased up to 1.33 times by 

increasing the packing length from 0.5 m to 1 m. Peng et 

al. [13] compared the efficiency of a system containing 

LiCl or CaCl2. LiCl has about 60% more efficiency and 

16% lower exergy efficiency compared to CaCl2.  

In the previous studies, various factors on a liquid 

desiccant air conditioner (LDAC) system were 

investigated. The fluid inlet temperature is an important 

parameter in a dehumidification process. Using a 

mathematical model for an LDAD system, Lu et al. [14] 

observed that as the inlet solution temperature increases, 

the ratio of outlet moisture and outlet air temperature 

increases. In a previous research, Moazemi et al. [15] 

were investigated an LDAC system with LiCl to reduce 

the effect of carryover. 

This study proposes an innovative configuration of an 

LDAC system with LiCl in which preheating or 

precooling of the air and the liquid desiccant is done 

simultaneously. The effect of this new configuration on 

the variation of temperature, relative humidity, moisture 

content during the dehumidification and regeneration 

processes was studied and additionally, with the help of 

particle swarm optimization (PSO) algorithm, the 

system's transient behavior is determined. 

 

 

2. SYSTEM DESCRIPTION 
 

The corrosive of LiCl is one of the main limitations for 

the design of an LDAC system with LiCl desiccant. For 

instance, in an LDAC system with LiCl desiccant, a plate 

heat exchanger and pumps were made of stainless steel. 

After a few years, corrosion was visible in the system, 

which is shown in Figure 2. As a multi-criteria target, it 

is necessary to consider different strategies that find the 

best solution for this specific problem [16]. There are two 

different strategies that are adopted to deal with corrosion 

of the liquid desiccant. According to Figure 1, in the first 

strategy, to avoid corrosion, the liquid desiccant is not 

preheated or precooled, and only the inlet air passing 

through the enthalpy exchanger is preheated or 

precooled. In the second strategy, utilizing a polymer 

enthalpy exchanger, the liquid desiccant is also preheated 

or precooled, as well as the inlet air. 

 

 

 
Figure 1. The flowchart of different strategies for LiCl 

corrosion problem in this research 

 

 

 
Figure 2. The schematic of liquid desiccant air conditioner 
with LiCl installed in Babol Noshirvani University of 

Technology  
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The first strategy was investigated in the previous 

study. Accordingly, the second strategy was chosen in 

this study and an LDAC system with LiCl was 

investigated, which is shown in Figure 3. A polymer 

counter-flow enthalpy exchanger was used for 

exchanging moisture content between the air and the 

liquid desiccant. Depending on the conditions, whether it 

is the dehumidification process or regeneration process, 

the inlet air passing through the enthalpy exchanger is 

precooled or preheated by an aluminium heat exchanger 

in which water flows in it. Utilizing thin-walled plastic 

tubes in the liquid desiccant bed, LiCl can be preheated 

or precooled simultaneously with the inlet air. Figure 3 

depicts that the components of the experimental setup. 

The counter-flow enthalpy exchanger was made of 5 

vertical-multi-channel polypropylene blocks for 

increasing the contact of desiccant and air. Each block 

had a dimension of 50×50×10 cm3 at intervals of 1 cm 

from each other, and their channels had a size of 4×4 mm2  

at a thickness of 0.5 mm. 

According to Figure 4, the inlet air at point 1 

exchanges heat with the aluminium heat exchanger, 

which there is a flow of water in its coil, then exits at 

point 2. The processed air enters the enthalpy exchanger 

tower from downwards and moves upwards. It passes 

through the enthalpy tower channels and exchanges heat 

and mass with the liquid desiccant sprayed from above. 

Then, the air reaches point 3, and passing through the 

eliminator and trapping the solution particles along with 

the air, moves and reaches point 4. In addition, to prevent 

the carryover of the exhaust air, the enthalpy exchanger's 

channels were wicked, and the pumps were controlled to 

be on for 10 seconds and then off for 50 seconds. Now 

the air exits from the system through port 5 using the air 

pump. In the water flow path, first, the water is received 

 

 

 
Figure 3. A schematic of the Liquid Desiccant Air 
Conditioner System consisting Absorbent Tower, Suction 

Fan, and Water tank 

 

by the pump from point 6 or the water tank outlet and is 

transferred to the inlet of the aluminium heat exchanger 

or point 7. The water flow passes through the aluminium 

heat exchanger and transfers heat to the inlet air. Then, it 

leaves the aluminium heat exchanger through port 8 and 

reaches the liquid desiccant bed. After passing through 

the thin-walled plastic tubes in the bed of liquid  

desiccant, it also exchanges heat with the liquid desiccant 

and exits from port 9 and then returns to the water tank. 

In the water tank, water was heated by three electrical 

heaters in the regeneration process. But, in the 

dehumidification process , the heaters were turned off, 

and the water was cooled by adding 10 kg of ice at 0 °C. 

The liquid desiccant flow path is also shown in Figure 

5. First, the liquid desiccant exits from the liquid  

desiccant bed by two centrifugal pumps made of 

polymeric materials and is transferred from point 10 to 

point 11. After passing through a suitable filter and the 

pipes and reaching the spray pipes at point 12, the 

solution is sprayed downwards. The liquid desiccant 

moves down through the channels by gravity and then, 

by contacting the processed air, which is moved from 

downwards to upwards , the heat and mass transfer 

occurs. Now, the solution reaches point 13 and returns to 

the liquid desiccant bed. It is worth mentioning that 

during the dehumidification process, cold water flowed 

in the direction of the aluminium heat exchanger and 

thin-walled plastic tubes for precooling. Also, during the 

regeneration process, hot water flowed in the path of the 

aluminium heat exchanger and thin-walled plastic tubes 

for preheating. In the design of the experimental setup, 

there was one enthalpy exchanger. As a result, the 

dehumidification and regeneration processes were 

performed in two separate durations. The experiments  

were designed as follows: 

1.  Dehumidification process (precooled air and liquid  

desiccant simultaneously). 

2. Regeneration process (preheated air and liquid  

desiccant simultaneously). 

 

 

 
Figure 4. The direction of airflow, water flow and position 

of measuring instruments on the LDAC system 
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Figure 5. The direction of  LiCl flow on the LDAC system 

 

 

3. MEASUREMENT INSTRUMENTS 
 

In this experiment, there were thermometer, 

thermocouples with data logger, air humidity meter, 

airflow velocity meter, and conductivity meter to 

measure the variation of temperature, relative humidity, 

airflow velocity and solution concentration, respectively. 

The position of measurement devices is shown in  Figure 

4. In addition, the solution concentration was measured 

before and after each process. The inaccuracy analysis of 

these measurement instruments is listed in Table 1, in 

which the expanded uncertainties  have a confidence level 

of 95%. 

 
 
4. EXPERIMENTAL RESULTS AND DISCUSSION 
 
4. 1. Dehumidification Process           In the 

dehumidification process, air and liquid desiccant were 

precooled simultaneously. During the process, V̇5 was 

12.1 m/s. According to Figure 6, it is observed that T7 

was about 11.8 °C during the process. Due to the heat 

transfer from the inlet air to the cooling water inside the 

 

 
TABLE 1. The specification of measurement devices 

Type Accuracy 
Expanded 

Uncertainty 

1-Digital air thermometer 
model IDR-RH101. 

2-K type thermocouple with 

Lutron data logger 

± 0.1 ºC 

 

± 0.1 ºC 

2.003ºC 

 

2.003ºC 

3-Digital air humidity meter 
model IDR-RH101. 

± 0.1 % 2 % 

4-Digital airflow velocity 

meter Omega HHF11A. 
± 0.1 m/s 2.003 m/s 

5-Conductivity meter for 
measuring the liquid 
desiccant  concentration 

Orion Research Model 101. 

± 0.1 ms/cm 
[msimense/cm]. 

1.006 ms/cm 

aluminium heat exchanger, the water temperature 

increases, and T8 reaches the average of 17.6 °C. Then, 

the water passed through the liquid desiccant bed, and the 

water temperature increased, and the mean of T9 reached 

about 17.9 °C. The dehumidification process was an 

exothermic reaction; T5 was higher than T2 and reached 

an average temperature of 27°C, which was 

approximately 14.64% on average higher than T2. T1 was 

almost 30.2°C during the process, but T2 and T5 were 

decreased by about 29% and 21.1% during the 

dehumidification process .  

The RH1 decreased slightly from 58.9% to 56.5% 

during the process. Then, as the air passes through the 

cold heat exchanger, the air relative humidity increased, 

which RH2 was an average of about 66.7%. Then, by 

passing air through the enthalpy exchanger and 

exchanging the moisture content with the solution, its 

relative humidity was reduced, which RH5 was an 

average of 56%. 

 

 

 
Figure 6. Temperature and relative humidity versus time in 

the dehumidification process 

 

 

 
Figure 7. Absolute humidity versus time in the 

dehumidification process 
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Based on the psychometric chart, the air absolute 

humidity (or moisture content) was obtained. Figure 7 

displays the moisture content of the inlet air and the 

exhaust air and the percentage of their difference. AH5 

was less than AH1, and their difference was decreased 

from -3.9% to -25.9% during the dehumidification  

process. Therefore, the moisture content was reduced 

during the process, and the solution absorbed the 

moisture content of the inlet air. It is observed that the 

absolute humidity of the exhaust air has a higher rate at 

the beginning, and by the time and passing through the 

transition mode, it tends towards a certain amount equal 

to 11 g/kg of dry air. This is the same for the percentage 

difference between the absolute humidity of the inlet and 

exhaust air, and its value tends to be about -26% after 

about 30 minutes. 

 

4. 2. Regeneration Process          In the regeneration 

process, air and liquid desiccant were preheated 

simultaneously. V5̇ was on about 10.73 m/s during the 

process. Figure 8 depicts that T7 was from 41.7 °C to 50.9 

°C during the process. Due to the heat transfer from the 

hot water inside the aluminium heat exchanger to the inlet 

air, the temperature decreased, and T8 reached the 

average of 44.1 °C. Then, by heat transferring of water 

with liquid desiccant after passing through thin-walled  

plastic tubes, the water temperature decreased, and the 

mean of T9 reached about 41.6 °C. After heat exchanging 

with the inlet air and then with the solution, the hot water 

temperature dropped by about 9.42%. The inlet air passed 

through the aluminium heat exchanger, and the air 

temperature risen by about 5 °C on average. Since the 

regeneration process was endothermic, the T5 was 1.4 °C 

lower than T2 on average. In addition, T1 was almost 

about 32.4 °C, but T2 and T5 increased by approximately  

16.27 and 12.97% during the regeneration process.  

RH1 was almost about 55.8% during the process. 

Then, as the air passes through the warm heat exchanger, 

relative humidity decreased, which RH2 was an average 

of 43.3%. Then, after exchanging the moisture content in 

the enthalpy exchanger, air relative humidity was 

increased, which RH5 was a mean of 49.6%.  
 

 

 
Figure 8. Temperature and relative humidity versus time in 

the regeneration process 

 
Figure 9. Absolute humidity versus time in the regeneration 

process 

 

 

Figure 9 depicts the moisture content of the inlet air, 

and the exhaust air and the percentage of their difference. 

AH1 was less than AH5 and the percentage difference was 

increased from 6.9 to 10.7% during the regeneration 

process. Therefore, the moisture content was enhanced 

during the process, and the solution was regenerated. It is 

indicated that by the time and passing through the 

transition mode, the percentage difference between the 

absolute humidity of the inlet and exhaust air tends to be 

about 11%. 
 

 

4. 3. System Transient.Behavior      The PSO 

algorithm was used to fit a simulation curve to the 

dehumidification and regeneration rates and identify the 

transient behavior of the system [17, 18]. Research on 

various issues has been done utilizing this optimization  

algorithm [19, 20]. The fundamental of this algorithm is 

information sharing which is particle experiences. In the 

PSO algorithm, there are plenty of hypothetical particles 

that are distributed in the search domain, and they follow 

personal experiences and global experiences. There are 

two essential equations in the PSO algorithm as follows 

[21]: 

x, v, w, c1, c2, r1, r2, and pg are position, velocity, weight 

coefficient, the first coefficient, second coefficient, the 

first random number, the second random number and the 

best global position, respectively. In Equation (2), the 

next direction of the ith particle is determined according 

to the past direction, the best personal record and the best 

global record. In addition, the target was to reduce the 

difference between experimental data and fitted curve 

data in the cost function of this algorithm. An exponential 

Time(min)

T
(°

C
)

R
H

(%
)

0 5 10 15 20 25 30
30

32

34

36

38

40

42

44

46

48

50

35

40

45

50

55

60

65

70

75

80

T7

T8

T9

T1

T2

T5

RH1

RH2

RH5

Time(min)

A
H

(g
r/

k
g

d
ry

a
ir

)

%
A

H
D

if
fe

re
n

ce

0 5 10 15 20 25 30
15

16

17

18

19

20

21

22

5

6

7

8

9

10

11

12

13

AHin

AHout

%AH Difference

1 1

i i i

t t tx x v  
 

(1) 

    

1 1 1 2 2       ii i i i g i

t t t t t tv w v c r p x c r p x            (2) 



430                             B. Ebrahimpour et al. / IJE TRANSACTIONS B: Applications  Vol. 35, No. 02, (February 2022)   425-432 
 

power series was used as an equation with fitting 

parameters as follows: 

According to Equation (3), there are eight fitting 

parameters (a1-a8). The value of each fitting parameters 

is listed in Table 2. The air dehumidification rate and 

solution regeneration rate are shown in Figures 9. The 

rate of both processes was related to the time (t), and the 

results indicate that curve fitting had a good agreement 

with the experimental data and 10. For 1000 iterations 

and 300 populations, the average error of the fitted curve 

was 10.43 and 1.52% for regeneration rate and 

dehumidification rate, respectively. 

According to Figure 10, the dehumidification rate 

curve had a downward trend. It tended to a particular 

value over time, which indicates that the device reached 

a steady state after approximately 10 minutes. The 

average dehumidification rate was equal to -14.76 kg/h. 

Also, Figure 11 shows that the regeneration rate curve 

had an upward trend, and it tended to a certain value over 

time, which indicates that the device reached near to 

steady-state after approximately 10 minutes. The average 

regeneration rate was equal to 7.18 kg/h. 

1 2 3 4

5 6 7 8

( ) exp( ) exp( )

exp( ) exp( )

waterm t a a t a a t

a a t a a t

      

    

 (3) 

 

 
TABLE 2. Variable coefficient of the fitted equation 

Coeff a1 a2 a3 a4 a5 a6 a7 a8 

Deh. rate 22.821 19.163 41.628 0.282 -47. 752 0.734 -19. 578 0 

Reg. rate -12. 281 0.381 -1. 273 0.573 8.210 0.001 7.5452 0.578 

 

 

 
Figure 10. Curve fitting of the water flow rate of 

dehumidification with PSO 

 

 

 
Figure 11. Curve fitting of the water flow rate of 

regeneration with PSO 

5. COMPARISON WITH PREVIOUS STUDY 
 

In the research conducted by Qiu et al.[10], relative 

humidity reduction during dehumidification process 

reached approximately 10% after 30 minutes. In this 

study, this amout is around 5% and one of the reason for 

it is high ambient relative humidity level in the 

experiment of Qiu et al.[10]. According to figures 7 and 

9, the exhaust air moisture content reduced during the 

dehumidification process on average of 18.21%. But, 

about 9.78% on average was added to the exhaust air 

moisture content in the regeneration process. In the 

previous system [15], where the enthalpy exchanger and 

the eliminator were both wicked, the regeneration and 

dehumidification processes variation were on average of 

34.07 and 8.29%, respectively. Also, in the case study 

where the enthalpy exchanger and the eliminator were 

both wicked, as well as the centrifugal pumps switcher 

was at the optimal frequency, the regeneration and 

dehumidification processes variation were on average of 

20.54 and 7.25%, respectively. 
 
 

6. CONCLUSION 
 

In this study, a novel configuration of an LDAC with 

LiCl liquid desiccant was experimentally investigated. 

According to this configuration, inlet air and liquid  

desiccant was precooled during the dehumidification  

process and inlet air and liquid desiccant was preheated 

during the regeneration process, simultaneously. 

Additionally, PSO algorithm was utilizied to estimate 

transient behavior of the system in the dehumidification 

and regeneration processes. The following results are 

concluded: 
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 In the exothermic reaction between processed-air 

and LiCl during the dehumidification process, 

exhaust air temperature was approximately 14.64% 

on average higher than processed-air temperature 

and it was decreased by about 21.1% during this 

process. In addition, the ambient air moisture 

content was reduced around 20% during the 

process, and the solution absorbed the moisture 

content of the inlet air. 

 In the endothermic reaction between processed-air 

and LiCl during the regeneration process, exhaust 

air temperature was approximately 1.4 °C on 

average lower than processed-air temperature and it 

was increased by about 12.97% during this process. 

Furthermore, the ambient air moisture content was 

enhanced around 14.28% during the process, and 

the solution was regenerated. 

 The exhaust air moisture content variation in 

dehumidification and regeneration processes was -

18.21 and 9.78%, respectively.  

 It was observed that the dehumidification and 

regeneration rates were equal to -14.76 kg/h and 

7.18 kg/h on average, respectively.  

 The PSO algorithm was used to fit a curve on the 

dehumidification and regeneration rate curves, 

which had a good agreement with experimental data 

and the average error of the fitted curve was 10.43 

and 1.52% for regeneration rate and 

dehumidification rate, respectively.  

 It is observed that this moisture content in the 

dehumidification process  was improved by at least 

9.92% than the previous study. However, the 

previous system performed at least about 10.76% 

better than this system in the regeneration process, 

which had three electrical heaters to warm the inlet  

air.  

In future study, solar collectors and photovoltaic 

panels can improve the efficiency of the experimental 

setup and minimize the dependence on the grid power. 
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Persian Abstract 

 چکیده

 نیا در ااز راه حل ه یاست. برخ یاز مشکالت طراح یکی یدر مبدل آنتالپ یشود. خوردگ یاستفاده م عیمطبوع با خشک کن ما هیدر تهو دیکلر ومیتیخورنده مانند ل عاتیما

 نیبادل رطوبت بت یمخالف برا انیجر یدل آنتالپطرح ، از مب نیشده است. در ا یبررس یبطور تجرب یشگاهیآزما ستمیس کیمورد مطالعه قرار گرفته و بر اساس آنها ،  قیتحق

 یکیپالست یتوسط لوله ها عیشود. سپس، خشک کن ما یاز قبل سرد م ایاز قبل گرم  یومینیآلوم یتوسط مبدل حرارت یورود یشود. ابتدا هوا یاستفاده م عیهوا و خشک کن ما

 یبررس یشگاهیآزما طیرطوبت هوا در شرا یمحتوا راتییافتد. تغ یخشک کن و هوا ، تبادل گرما و جرم اتفاق م عیما نیشود. با تماس ا یسرد م اینازک از قبل گرم  وارهید

درصد  20حدود  ،ییرطوبت زدا ندیفرآ یدر ط طیمح یرطوبت هوا زانیم یاز آن است که به طور کل یحاک جی. نتاردیگ یمورد مطالعه قرار م ییو رطوبت زدا ایاح زانیشده و م

 ندیاما فرآ افت،یدرصد بهبود  92/9حداقل  ییزدارطوبت ندیرطوبت در فرآ یمحتوا راتییتغ ن،ی. عالوه بر اافتی شیدرصد افزا 28/14حدود  ا،یاح ندیکاهش و در طول فرآ

ت آوردن و به دس ستمیرفتار گذرا س ییشناسا یازدحام ذرات برا یساز نهیبه تمیاستفاده از الگور ن،ی. همچنافتیکاهش  یدرصد نسبت به مطالعه قبل 76/10حداقل  ایاح

دو  یدرصد برا 52/1درصد و  43/10  بیبه ترت یبرازش منحن یخطا نیانگیدارد و م ایو اح ییرطوبت زدا زانیم یتجرب یبا داده ها یادیشباهت ز ،یبرازش منحن یپارامترها

 شده است. ندیفرآ

 


