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Abstract 

The liquid desiccant air conditioning system is considered as a possible substitute of 

the traditional air conditioner mainly due to its characteristics of energy saving. The 

dehumidifier is a key component of the system therefore was chosen as the research 

object. It was found the present models conducted the simulation with lots of 

assumptions, especially ignoring the effect of flow behavior. Besides, most studies 

focused on the inlet and outlet parameter changes rather than the interior condition of 

the dehumidifier. To fill the research gap, a model for an adiabatic dehumidifier was 

established with CFD technology in authors’ previous study. On the basis of it, a 

model was further developed in present work for internally-cooled liquid desiccant 

dehumidifier. The interior heat and mass transfer processes were then simulated with 

the model, followed by the detailed performance investigation. Analysis was 

conducted to investigate the influence of some factors, including inlet desiccant 
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temperature, desiccant flow rate and two types of internally cooling, and variable 

physical properties. The advantage of present study lied in its more in-depth analysis 

of interior condition of the dehumidifier. Besides, the study also demonstrated the 

necessity of considering the variable properties of desiccant solution during the 

simulation. 
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Nomenclature 

A contact area ( 2m ) 

Ca Capillary number (dimensionless) 

Cp specific heat at constant pressure ( 1 1J kg K− −  ) 

E  energy per unit mass (
1J kg− ) 

F  source term in the momentum equation ( 3N m− ) 

STF  source term due to surface tension ( 3N m− ) 

g  acceleration due to gravity (
2m s− ) 

h  sensible enthalpy (
-1J kg ) 

lgH  latent heat of evaporation (
-1J kg ) 

H  heat flux ( -2W m ) 

J  mass flux (
-3 -1kg m s  ) 

k  thermal conductivity (
1 1W m K− −  ), 

K  local overall mass transfer coefficient (
2 1kg m s− −  ) 

L characteristic length (m) 

m the number of the species 

n   the number of the phases 

n


 the divergence of the unit normal 

P  pressure (Pa) 

Q mass flow rate per unit length(
1 1kg m s− −  ) 

Re   Reynolds number (dimensionless) 

ES  source term in the energy equation ( -3W m ) 

lgS  mass transfer source at the phase interface (
-3kg m ) 

CS  heat exchange with cooling media ( -3W m ) 



t  time (s ) 

T  temperature (K) 

u， u   velocity vector (
1m s− ) 

We Weber number (dimensionless) 

g,bW , 
g,eW

 
the humidity ratio of the bulk air and the equilibrium air humidity 

ratio to the desiccant solution (
-1kg kg ) 

x , y  coordinate axis 

k,qx
 mass fraction of the species k in the 

thq
 phase 

 

Greek characters 

  the volume fraction of phases 

  dynamic viscosity (
1 1kg m s− −  ) 

   density (
3kg m− ) 

  surface tension coefficient (
1N m− ) 

   curvature of free surface (dimensionless) 

k,q
 diffusion coefficient of the species k in the 

thq
 phase ( 2 -1m s ) 

 

Subscripts 

a air 

eff  effective 

g  gas phase 

i, j signal of coordinate axis 

in inlet 

k  the thk  species 

l   liquid phase 

q  the 
thq

 phase 

s solution 

T  turbulence 



w wall 



1. Introduction 

The indoor environment has drawn increasing concerns as people spend most of their 

time in the buildings [1]. At present, the pleasant indoor environment still depends 

greatly on a large number of fossil fuels consumption, resulting energy crisis and 

serious environmental problems [2]. Therefore, it becomes more and more urgent to 

improve the energy utilization efficiencies [3-5] or resort to the utilization of 

renewable energy [6-8]. 

 

Studies show that there are mainly four factors which play great role in determining 

human comfort degree, i.e., temperature, relative humidity, pressure, air velocity [9]. 

According to ASHRAE standard 62-2001, the relative humidity needs to be kept in 

the range of 40% - 60% to meet the requirements of human comfort [10]. In the 

traditional air conditioner, the condensation dehumidification is employed for 

removing the excessive moisture from the air, and it takes up about 30 - 50% of the 

total energy consumption [11]. Then some liquid desiccants, such as lithium bromide 

(LiBr), lithium chloride (LiCl), calcium chloride (CaCl2), were proposed for air 

dehumidification [12]. By introducing the liquid desiccant dehumidification into air 

conditioning, it is named the liquid desiccant air conditioning system, which can 

realize the separate control of temperature and humidity. Like the traditional air 

conditioner, the sensible heat of the air is removed by the cooling coil. However, the 

latent heat is controlled by removing the moisture from the air with liquid desiccant. 

As it needs not to reduce the air temperature to the dew-point temperature, the 



evaporative temperature of the cooler is increased so as the cooler COP in the liquid 

desiccant air conditioning system is higher than that of the traditional air conditioner 

[13]. Therefore, compared with conventional vapor compression, a desiccant air 

conditioning system can save up to 40% energy [14, 15]. In addition, the 

dehumidification process is able to be driven by a relatively low regeneration 

temperature, i.e., between 60 and 75 °C. Thus, the low-grade thermal energy resources 

are capable of regeneration, such as geothermal energy, solar energy, and waste heat 

[16]. Moreover, it can avoid moisture condensation and reduce the wet surfaces which 

are the breeding ground for bacteria and mildew [17]. As a result, the liquid desiccant 

air conditioning system is considered as a possible substitute of the traditional air 

conditioner. 

 

In the liquid desiccant air conditioning system, the dehumidifier is a key 

component, where the moist air is dehumidified. Lots of studies have been conducted 

to improve its performance by experiment [18, 19]. In terms of simulation, it was 

summarized three models had been developed for adiabatic dehumidifiers [20], i.e., 

finite difference model [21, 22], effectiveness NTU ( ε-NTU ) model [23] and some 

simplified solutions [24]. For the three different models, the finite difference model is 

used most often for its accuracy. However, it involves complicated iterative process, so 

it is only suitable for dehumidifier or regenerator design or operation optimization. 

Besides, some simplifications should be made to start the calculation. Compared with 

the finite difference model, two more assumptions are required for the  −NTU  model. 



Therefore, it is less accurate yet potential for saving computering time. In the 

simplified solutions, some more additive assumptions are made to be applicable for 

certain operation conditions. For example, the analytical solution of Ren at al. [52] is 

only suitable for the case where the solution flow rate and concentration change slightly 

as it assumed that the variation of the equilibrium humidity ratio of solution depended 

only on the change of the solution temperature. The complicated iteration could be 

avoided, so the simplified solutions have high efficiency of calculation. When it 

comes to internally-cooled dehumidifier, there are also three types of models 

developed on the basis of finite difference model [20]. They are models without 

considering liquid film thickness [25], models considering uniform liquid film 

thickness [26], and models considering variable liquid film thickness [27]. In the first 

model, the effect of velocity field on heat and mass transfer is ignored even though 

velocity, mass and energy are coupled. In the models considering uniform liquid film 

thickness, the film thickness and velocity field are kept unchanged in the process of 

calculation. It is found this model usually under-predict the dehumidification 

performance. The third model takes into consideration the influence of ever-changing 

velocity field, resulting in more accurate simulation. Based on the review, it is 

concluded that to simplify the heat and mass transfer process, lots of common 

assumptions had been made in present models, such as ignoring the influence of 

velocity, assuming the heat and mass transfer process to be steady state, and so forth. 

But it has been found the flow behaviors have strong effect on the performance of 

various heat and mass transfer devices and the process is unsteady [28, 29]. Thus, lots 



of studies were conducted to investigate the gas-liquid flow characteristics. Moreover, 

most of the studies focused only on the inlet and outlet parameter changes rather than 

the interior condition of the dehumidifier. Besides, sometimes it regards the physical 

properties of liquid solution as constant during simulation. 

 

In a heat and mass transfer equipment involving liquid flow, such as liquid desiccant 

dehumidifier, the liquid flow characteristics have great influence on their performance 

[35]. The varied film thickness is one of the important factors governing heat transfer 

[36]. It also has great impact on the mass transfer at the two phase interface [37]. 

Therefore, it is necessary to conduct dynamic analysis of the dehumidifier with 

considering the velocity field. On the other hand, lots of papers reported applying 

CFD (computational fluid dynamics) technology to describe the complex behaviors of 

the heat and mass transfer in the equipment [38, 39]. And CFD software Fluent is 

widely used as it is capable of simultaneous simulation of the fluid dynamics and 

mass transfer. Besides, it is convenient to obtain the dynamic results of treating 

process in the equipment interior. Therefore, Fluent is especially suitable for modeling 

the coupled flow, heat and mass transfer processes in the liquid desiccant dehumidifier. 

In the previous study, a model on the basis of Fluent had been established by the 

author to investigate the performance of adiabatic dehumidifiers under different 

conditions [35]. In the present paper, a two-dimensional CFD model was further 

developed for the internally-cooled dehumidifier with the following assumptions: 1) 

the flow, heat and mass transfer process occurs symmetrically in a channel; 2) there is 



not heat and mass transfer in the third dimension; 3) the heat flux or the wall 

temperature is uniform. With the model, the interior heat and mass transfer process 

could be obtained. Analysis was conducted to investigate the influence of some 

factors, such as inlet desiccant temperature, desiccant flow rate, internally cooling, 

and variable physical properties. 

 

2. Mathematical model 

2.1 Geometric model 

As shown in Fig. 1 [18], it is well known that the interior structure of liquid desiccant 

dehumidifiers is complicated, especially that of internally-cooled dehumidifiers. 

Considering the computing time, the structure was simplified to a group of vertical 

channels, one of which is presented in Fig. 2. The length of the channel was set to be 

150 mm and the width 20 mm referring to the structured packing Mellapak 250Y. In a 

channel, the liquid flows down along the two walls and the moist air flows upward 

against the direction of the solution. In an ideal situation, it is completely symmetrical. 

To reduce the calculation load, only half of the channel was modeled in present study. 

In Fig. 2, the dotted line is the symmetric line of the channel. Unlike the adiabatic 

dehumidifier, some cold media was designed to flow behind the wall of the channel, 

removing the heat generated by dehumidification. 

 

2.2 Governing equations 

The basic governing equations include mass conservation equation, momentum 



conservation equation, species transport equation, and energy conservation equation. 

In the paper, the VOF (Volume of Fraction) model was used to track the free surface of 

the two phase flow. Therefore, the properties of the substances in each computational 

cell were based on the volume fractions of the gas and liquid. 

 

(1) Mass conservation equation 

( ) ( )= 0
t
 


+


u  (1)

 

 

(2) Momentum conservation equation 

( ) ( )= - ( ( ))TP
t
   


+  +  + + +


u uu u u g F  (2)

 

 

In the above two equations, the properties   (density) and   (viscosity) in each 

computational cell are represented by, 

l l g g    = +
 

(3)

 

l l g g    = +
 

(4)

 

where l , 
l  are the volume fraction and density of the liquid phase, g  and g  

are the volume fraction and density of the gas phase. 

 

To simulate the liquid film flow, it is necessary to consider the effect of the surface 

tension, especially when the liquid layer is very thin. Whether the surface tension has 

effect on the flow behavior can be judged by two non-dimensional numbers, which 



are Re  number and Ca  number or Re  number and We  number. The following 

two equations show how to obtain Ca  number and We  number, 

u
Ca




=  (5)

 

2Lu
We




=  (6) 

 

When Re 1 , Ca  number is the main judgment standard. If 1Ca  , the effect of 

surface tension can be ignored. When Re 1 , We  number is the prominent factor. 

If 1We  , the effect of surface tension can be ignored. In the paper, Re 1 , 

1We  , thus the effect should be considered in the simulation. In the paper, the 

continuum surface tension (CSF) model proposed by Brackbill et al. [38] was utilized 

for covering the surface tension effect. 

 

The surface tension at the two-phase surface is calculated by, 

i i
ST ij

i j( ) / 2
F

 


 


=

+
 (7)

 

where,   is the surface tension coefficient,   is the volume-averaged density,   

is the free surface curvature defined in terms of the divergence of the unit normal n


 

as, 

( )
1 n

n n n
n n


   

=  −  −    
   

 (8)

 

where 
n

n
n



= , qn =
 

 



It is noted that the surface tension force 
STF  in Eq. (7) was imposed on the momentum 

conservation equation (2) as a source term . 

 

(3) Species transport equation 

( ) ( )q q k,q q q k,q q k,q k,q lg,k= x x x S
t
    


+ −  


u  

(9)

 

q=1,......,n   k=1,......,m
 

where k,qx  is the mass fraction of the component k in the qth  phase. lg,kS  

represents the mass transfer source at the phase interface. k,q

 

is the diffusion 

coefficient. 

 

In present paper, the mass transfer source  is the moisture absorbed from the 

humid air by the solution, and it is calculated by the equation below, 

 
(10)

 

where  is the humidity ratio of the bulk air.  is the equilibrium air humidity 

ratio to the desiccant solution. A  is the contact area between the two phases. gK  is 

the overall mass transfer coefficient. 

 

The mass transfer resistance at the interface is generally ignored [21], and the overall 

mass transfer coefficient can be calculated by [22], 

g m,g m,l

1 1 1

K h h
= +  (11)

 

F

lg,kS

lg,k g g,b g,e ( )S K W W A= −

g,bW g,eW



where 

 

depends on the concentration and temperature of the bulk desiccant 

solution. For lithium chloride (LiCl) solution, it is obtained by the following equation, 

2 3

0 1 s 2 s 3 s( ) ( )a a T a T a T = + + +  (12)

 

where 

3 4 5 2 5 3 5 4

0 s s s s7.41610 10 9.01270 10 3.97300 10 7.56527 10 5.20920 10a x x x x= −  +  −  +  − 

3 4 5 2 5 3 5 4

1 s s s s1.98930 10 2.42740 10 1.08917 10 2.13395 10 1.53709 10a x x x x=  −  +  −  + 

1 3 3 2 3 3 3 4

2 s s s s8.67870 10 1.05970 10 4.76640 10 9.37240 10 6.78930 10a x x x x= −  +  −  +  − 

1 1 2 2 3 1 4

3 s s s s0.97710 1.19300 10 5.36880 10 1.05670 10 7.66670 10a x x x x= −  +  −  +   

 

Here, the local mass transfer coefficients 
m,gh  and 

m,lh
 

are calculated with the 

penetration model. 

g

m,g

c

=2  
D

h
t

 (13)

 

l
m,l

c

=2  
D

h
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(14) 

 

The contact time 
ct  is, 

c

surf

l
t

u
=  (15)

 

where l  is the liquid flow distance. 
surfu  is the surface velocity of the liquid film and it 

can be computed by, 

1/3

surf

3
1.5

Q
u Q

g





−

 
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(4) Energy conservation equation 

( ) ( ) eff k k E( ) = E E P k T h J S
t
 


 + +   − + 
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The definition of the average energy E  is as follows, 

q q q1

q q1

n

q

n

q

E
E

 

 

=

=

=


  (18)

 

where 
qE  is obtained according to the specific heat and the temperature of the qth  

phase. 

 

ES  is the energy source term. For the adiabatic dehumidification, the energy source is 

the latent heat generated by the mass transfer. As for the internally-cooled 

dehumidification, the heat exchange with the cooling media should also be considered, 

shown as follows, 

1

E lg,k lg,k C

0

m

k

S S H S
−

=

= +  (19)

 

where lg,kH  is the enthalpy change of component k from phase gas to liquid or vice 

versa, and 
CS  is the heat exchange with the cooling media. 

 

3. Solution strategies 

A two-dimensional CFD model was developed for the internally-cooled dehumidifier 

with the following assumptions: 1) the flow, heat and mass transfer process occurs 



symmetrically in a channel; 2) there is not heat and mass transfer in the third dimension; 

3) the heat flux or the wall temperature is uniform. The software FLUENT was chosen 

for present simulation. The flow field was meshed by the structured grid. In authors’ 

previous study [35], the grid independence had been checked. Four grids were meshed 

for the independence study, i.e., 49 250 , 71 300 , 71 500 , and 81 500 . The grid 

density increased gradually from the gas to the liquid phase as liquid film was much 

thinner than the air phase. In the x direction, the grid closed to the wall was set from 

0.05 to 0.1 mm with the smallest size, and closed to the symmetry was from 0.2 to 0.3 

mm with the largest size. In the y direction, a uniform grid was applied with sizes 0.6, 

0.5 and 0.3 mm. The mass fraction of water vapor in the outlet air was monitored 

under the same inlet boundary conditions so as to judge the performance of the above 

four types of grids. Finally, it was found the grid 71 300 was best for simulation as a 

compromise of accuracy and computing efficiency. 

 

The settings are introduced in the section. As mentioned above, VOF model was 

employed to track the free surface between the gas and liquid phase. The 

Semi-Implicit Method for Pressure Linked Equations (SIMPLE) was used to deal 

with pressure-velocity coupling. According to recommendation of Fluent 6.3 Users 

Guide, PRESTO! pressure interpolation scheme was adopted for pressure-velocity 

coupling equations. The second order upwind differencing was utilized to obtain more 

accurate and stable solutions for the transient formulation. As it requires time-accurate 

transient performance of VOF solution, the geometric reconstruction interpolation 



scheme was used as the volume fraction discretization scheme. 

 

The boundary conditions were set as follows. The liquid inlet was set as velocity inlet 

boundary, and the solution temperature and concentration could also be set by inputting 

values at the software interface. The liquid outlet was pressure outlet boundary. The gas 

inlet was pressure outlet boundary, and the air temperature and humidity were preset 

before the calculation. The gas outlet was velocity inlet boundary whose value was 

negative to induce reversed air flow. The wall was no-slip boundary shear condition. In 

the internally-cooled dehumidifier, the heat exchange would happen between the wall 

and cooling media. There were two cases, i.e., uniform temperature or heat flux density 

for the thermal boundary condition of the wall. Finally, the symmetry was set as 

symmetric boundary condition. A summary of boundary settings are marked on the 

physical model in Fig. 2. 

 

Similar to previous simulation, lithium chloride (LiCl) was still selected as the 

desiccant. The reason is that in terms of inorganic desiccant, LiCl performs better than 

other common desiccant, i.e., lithium bromide (LiBr) and calcium dioxide (CaCl2) [39]. 

The basic state of LiCl solution was set as follows: temperature 298 K, mass 

concentration 30%. Some important physical properties of LiCl solution at the basic 

point were presented in Table 1. It is well known that through dehumidification, both 

properties of moist air and desiccant solution would change. The properties include 

the density, thermal conductivity, mass diffusivity, viscosity, and so forth. FLUENT 



contains all the physical properties of the moist air, which can be called during the 

calculation. For desiccant solution, the files of various properties of LiCl solution were 

written with programme C at different concentrations and temperatures. Then they 

were compiled to the software to be called. 

 

4. Results and discussion 

In authors’ previous study [35], the validation of the CFD model had been conducted 

in terms of flow behavior and mass transfer condition. The results showed that the 

liquid film thickness obtained with present CFD model agreed well with that of 

Nusselt empirical formula, and the mass transfer amount also had acceptable 

difference from that calculated with the finite difference model. Therefore, CFD 

model was justified to be reliable to predict the performance of the dehumidifier. With 

the developed CFD model, the calculation was carried out under different conditions 

as shown in Table 2. 

 

4.1 Influence of inlet desiccant temperature 

It was found that the desiccant temperature had great impact on the dehumidification 

performance. As shown in Fig. 4, with the increase of desiccant temperature, the 

moisture concentration of outlet air increased sharply with a parabolical trend in 

general. One well-known reason was that the surface vapor pressure of the desiccant 

with higher temperature was higher accordingly. In addition, when the surface vapor 

pressure was higher, the driving force of moist absorption was reduced. In Fig. 5, it 



was found when the temperature increased, the surface vapor pressure of the desiccant 

showed a similar parabolical increasing trend with that of moisture concentration of 

outlet air. 

 

Another reason could be explained by Fig. 6. In Fig. 6, the interfacial velocities of 

solution under different inlet desiccant temperature were plotted. The results 

demonstrated that the increase of the inlet desiccant temperature would enhance the 

interfacial velocity of solution. The reason was the desiccant with higher temperature 

had lower viscosity. The above observation demonstrated that the high temperature 

desiccant worsened the dehumidification performance, not only by reducing the mass 

transfer driving force but also through decreasing the contact time between the 

desiccant and air. 

 

In Fig. 4, the curve of the outlet air temperature under different inlet desiccant 

temperature was also plotted. The outlet air temperature increased almost linearly with 

the increase of inlet desiccant temperature. An increase of 1K of desiccant 

temperature would result in around 0.4K increase of outlet air temperature, so the 

effect was apparent. In Fig. 7, it showed the temperature distribution in the channel 

when the inlet desiccant temperature was 288K, 298K and 308K. The contours gave a 

clearer picture of the influence of the inlet desiccant temperature on the air temperature 

distribution. The color changed dramatically and it showed that the temperature of the 

air was affected significantly by the desiccant temperature due to the heat transfer. 



 

In Fig. 4, by comparing the tendency of outlet air moisture concentration and outlet air 

temperature, it was speculated that the latent heat of phase change due to moist 

absorption played a relatively smaller role in determining the outlet air temperature 

for this channel. During the dehumidification, the air would be heated by two sources. 

One was the sensible heat transfer as a result of temperature difference with the 

desiccant. When the desiccant temperature increased, the sensible heat transfer would 

increase linearly, resulting in an almost linear increase of the outlet air temperature. 

Another one was the latent heat of phase change due to moist absorption. When the 

moisture absorption increased, the generated latent heat should increase accordingly, 

causing a similar increase trend of the outlet air temperature as well. In Fig. 4, it 

showed a parabolic increase of moisture concentration of outlet air. The larger the 

moisture concentration of out air was, the smaller the moisture absorption was, and 

the lower the latent heat was generated by absorption. Thus, it meant that with the 

increase of desiccant temperature, the produced latent heat of phase change should 

decrease in a parabolic trend, and the increment of outlet air temperature would 

decrease gradually. However, the curve of outlet air temperature was almost linear. 

Therefore, it was concluded that compared with the sensible heat source, the latent 

heat source had relatively smaller effect on the outlet air temperature. All of the above 

analysis demonstrated that the inlet desiccant temperature should be reduced as low as 

enough to achieve a good dehumidification performance. 

 



Finally, the interfacial temperature along the liquid flow direction was also investigated 

in Fig. 8. It was observed that the change of the interfacial temperature was not 

discernible in the dehumidification process, which meant that the desiccant temperature 

changed a little as well. The reason was that the latent heat produced for absorption and 

the sensible heat due to the temperature difference were too small to heat the solution, 

as the heat capacity of the desiccant was big. On the other hand, the temperature of the 

moist air changed dramatically along the channel, whose temperature distribution had 

been shown in Fig. 7. 

 

4.2 Influence of inlet solution flow rate 

Under different inlet solution flow rate, the mass fraction of water vapor and 

temperature of outlet air had the similar variation trend. As shown in Fig. 9, it was 

observed that the initial increase of inlet solution flow rate would improve the 

dehumidification performance significantly while the effect reduced with further 

increase of inlet solution flow rate. It is well known that bigger solution flow rate will 

require larger pump power. Even though bigger solution flow rate is beneficial to 

dehumidification performance, it should trade-off between the dehumidification 

performance and pump power consumption. 

 

By comparing the contours of temperature and mass fraction of water vapor in Fig. 10, 

a common point was found for each solution flow rate. It was found that the thermal 

diffusion was faster than the mass diffusion through observing the color change of 



temperature and mass fraction of water vapor. It meant 1Le   for all the cases. In 

early research, through comparing the simulation results with the experimental data of 

Fumo and Goswami [40], Babakhani [41] had pointed out that =1.1Le  instead of 1.0 

was more preferable for the prediction of the performance of the dehumidifier. Thus, it 

could be verified that the present model possessed high accuracy. 

 

4.3 Influence of internal cooling 

In an internally cooled dehumidifier, besides the contact between air and desiccant, 

some cold source which can provide cool fluid like air or water is added to take away 

the latent heat produced in the process of dehumidification, which can be regarded as an 

isothermal process in general. As the latent heat is removed from the dehumidifier, it 

reduces the temperature rise of the solution and air, resulting in efficiency improvement. 

In this section, the dehumidification process with cooling was analyzed, including 

uniform heat-flux density condition and uniform wall temperature condition. The inlet 

status of solution and air were given as follows: solution temperature was 298K, 

solution concentration was 30.0%, air temperature was 303K, and mass fraction of 

water vapor in the moist air was 2.0%. 

 

4.3.1. Uniform heat-flux density 

In Fig. 11, the interface temperature along the flow direction under different heat fluxes 

was presented. Here the heat fluxes were set to be negative values to achieve cooling. It 

was observed that when the heat flux was lower, the interface temperature would 



increase along the flow direction, resulting from the generation of latent heat in the 

dehumidification process. For present configuration, it could be read from Fig. 11 that 

the heat flux should be around 200 W m-2 to be isothermal dehumidification. In Fig. 11, 

it showed the interface temperature along the flow direction under different heat flux. 

The interface temperature was the solution temperature which was in contact with 

moist air. When the heat flux value was 200 W m-2, the solution temperature kept 

almost unchanged along the flow direction. This process could be regarded as 

isothermal dehumidification. When the heat flux reached some value, not only the 

latent heat was removed, but also the temperature of the fluids in the channel was 

reduced. 

 

As illustrated in Fig. 12, similar to interface temperature, the average temperature of 

outlet solution did not change too fast even through the minimum temperature of 

liquid film decreased sharply. As the channel of present model was too short, the 

cooling capacity was limited as well. Therefore, it seemed that the cooling did not 

contribute too much to the dehumidification performance by looking at Fig. 13. When 

the heat flux increased to 3000 W m-2, the outlet air moisture content reduced by only 

0.006% compared with that without cooling. However, by observing the tendency of 

Fig. 11, the interface temperature with cooling would be much lower than that without 

cooling if the channel was long enough, especially at the lower part of the channel. 

And it was well known that lower interface temperature meant stronger mass transfer 

driving force. Therefore, it is predicted from the trend that the effect of cooling would 



be significant when the channel was long enough. As the computing time for long 

channel was unaffordable for the computer used in present study, another higher 

performance computer should be employed in further for more direct demonstration 

of the benefit of internal cooling with uniform heat flux density. 

 

On the other hand, from Fig. 11, it was found that in the flow direction of the air, the 

interface temperature difference between the two cases (with cooling and without 

cooling) decreased gradually. The solution temperature with cooling would be lower 

than that without cooling, which was beneficial for dehumidification. The moisture 

content in the air without cooling would be larger than that with cooling. At the bottom 

part of the channel, the solution temperature was much lower with cooling than without 

cooling and the moisture content was equal for both cases, thus the driving force was 

higher with cooling than without cooling. At the upper part of the channel, the solution 

temperature was close for both cases and the moisture content was smaller with 

cooling than without cooling, therefore the driving force might be lower with cooling 

than without cooling. The above opposite effect might be another reason for the small 

influence of internal cooling. To sum up, a short channel can not reflect the advantage 

of uniform heat flux cooling, and it is critical to decide a suitable length of the 

channel for a counter-flow liquid desiccant dehumidifier with uniform heat flux 

cooling. 

 

4.3.2. Uniform wall temperature 



Keeping the wall at a certain temperature, the interface temperature along the flow 

direction was presented in Fig. 14. It was found 3K decrease of wall temperature 

would result in about 1K decrease of interface temperature at the outlet. When the 

wall temperature was the same with the inlet desiccant temperature, the temperature 

increase at the interface was so small to be ignored. The reason was the liquid film 

was very thin and the thermal conductivity coefficient of the solution was relatively 

large. 

 

It was also observed that the interface temperature changed almost linearly along the 

solution flow direction for uniform wall temperature. Unlikely, for uniform heat-flux 

density case, the change rate of interface temperature was small initially and then 

increased gradually, approaching linear change. It demonstrated the overall heat 

transfer coefficient decreased along the flow direction with the constant heat-flux 

density. Therefore, it was concluded that the heat flux would be higher at the upper 

part than that at the lower part for uniform wall temperature case. 

 

The influence of wall temperature on the dehumidification performance was 

illustrated in Fig. 15. Compared with the case of uniform heat-flux density, the 

influence was more obvious. The advantage of uniform wall temperature lied in its 

better control of interface temperature. As the overall heat transfer coefficient 

decreased along the flow direction, it would be more efficient to set higher heat-flux 

density at the upper part while lower at the lower part of the channel. 



 

4.4 Influence of variable physical properties 

It has been mentioned that in most of the previous studies, the properties of the 

desiccant solution were assumed constant, which is not the actual condition. In the 

present work, user defined files of various properties of LiCl solution were 

incorporated into the model, including the density, thermal conductivity, viscosity and 

so on. During the calculation, the properties of the solution would change 

simultaneously with the change of the temperature and concentration. In Fig. 16, the 

results for the cases of constant and variable properties are presented. It can be seen that 

the interfacial solution concentration was lower for variable properties case. Along the 

flow direction, the desiccant absorbed the moist air, resulting in the increase of the 

interfacial temperature and decrease of the concentration. As for the constant properties 

case, the properties of the solution did not change, the surface vapor pressure would 

keep constant through the process, which would be higher than the variable properties 

case. Therefore, the amount of moisture absorption would be higher in the constant 

properties case, resulting in the lower interfacial solution concentration. The study also 

demonstrated the necessity of considering the variable properties of the desiccant 

solution during the simulation. 

 

5. Conclusions 

In the present paper, a two-dimensional CFD model was developed for the 

internally-cooled dehumidifier with the following assumptions: 1) the flow, heat and 



mass transfer process occurs symmetrically in a channel; 2) there is not heat and mass 

transfer in the third dimension; 3) the heat flux or the wall temperature is uniform. 

The dehumidifier performance was then investigated under different conditions. On 

the basis of calculation, several conclusions were summarized as follows, 

1) With the increase of desiccant temperature, the moisture concentration of outlet air 

increased sharply with a parabolical trend and the outlet air temperature increased 

almost linearly. An increase of 1K of desiccant temperature would result in around 

0.4K increase of outlet air temperature. 

2) It was concluded that in the dehumidification process, compared with the sensible 

heat transfer between desiccant and air, the latent heat generated by moist 

absorption had relatively smaller effect on the outlet air temperature. 

3) By observing the velocity field, it was found that high temperature desiccant 

worsened the dehumidification performance, not only by reducing the mass transfer 

driving force but also through decreasing the contact time between the desiccant 

and air. 

4) The initial increase of inlet solution flow rate would achieve significant 

improvement of dehumidification performance while the effect reduced with 

further increase of inlet solution flow rate. Thus, it should trade-off between the 

dehumidification performance and desiccant pump power consumption. 

5) By looking into the contours of temperature and mass fraction of water vapor under 

different inlet solution flow rate, it was found that  for the present 

simulation. The results showed good agreement with the previous experimental 

1Le 



study. 

6) The heat flux density should be around 200 W m-2 to be isothermal 

dehumidification for present configuration. 

7) A short channel can not reflect the advantage of uniform heat flux cooling, and it 

is critical to decide a suitable length of the channel for a counter-flow liquid 

desiccant dehumidifier with uniform heat flux cooling. 

8) For countercurrent flow dehumidifier, it would be more efficient to set higher 

heat-flux density at the upper part while lower at the lower part of the channel. 

9) The study also demonstrated the necessity of considering the variable properties of 

desiccant solution during the simulation. 

 

Finally, in this paper, the dehumidification process with cooling was analyzed, 

including uniform heat-flux density condition and uniform wall temperature condition. 

Except for them, it is possible to set other internal cooled boundaries in FLUNET by 

incorporating the user defined files. Further studies are required for investigating the 

influence of more other cooling conditions. 
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Fig. 1. The fin-tube type internally-cooled liquid desiccant dehumidifier [18] 

  



 

Fig. 2. Simplified physical model of an internally-cooled dehumidifier 



 

Fig. 3. Simplified physical model of an internally-cooled dehumidifier and 

boundary settings 

  



 

 

Fig. 4. Mass fraction of water vapor and temperature of outlet air under different inlet 

desiccant temperature 
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Fig. 5. Surface vapor pressure of desiccant solution under different inlet desiccant 

temperature 
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Fig. 6. Interfacial average velocity magnitudes under different inlet desiccant 

temperature 
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Fig. 7. Contour of temperature under different inlet desiccant temperature (K) 
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Fig. 8. Interfacial temperature along the liquid flow direction 
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Fig. 9. Mass fraction of water vapor and temperature of outlet air under different 

inlet solution flow rate 
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(a) Contours of temperature (K) 

 

(b) Contours of mass fraction of water vapor 

Fig. 10. Contours of temperature and mass fraction of water vapor under different 

solution flow rate  

0.17 kg m-1 s-1 0.35 kg m-1 s-1 1.18 kg m-1 s-10.47 kg m-1 s-1 2.36 kg m-1 s-1

0.17 kg m-1 s-1 0.35 kg m-1 s-1 1.18 kg m-1 s-10.47 kg m-1 s-1 2.36 kg m-1 s-1



 

Fig.11. Interface temperature along the flow direction under different heat flux 
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Fig. 12. Temperature of liquid phase under different heat flux 
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Fig. 13. Water content in the outlet air under different heat flux 
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Fig. 14. Interface temperature along the flow direction under different wall 

temperature 
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Fig. 15. Water content in the outlet air under different wall temperature 
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Fig. 16. The profile of interfacial solution concentration along the film flow 
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