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Abstract 

The dehumidifier of a liquid desiccant air conditioning system was the research object of present paper. A model was 
established on the basis of CFD. The interior heat and mass transfer processes were simulated with the model. 
Intensive analysis was conducted to investigate the influence of some factors, including the inlet desiccant 
temperature, desiccant flow rate and internally cooling. 
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1. Introduction 

Along with the living standards improves, more and more attention has been paid in the building 
environment, which relies almost on the large consumption of fossil fuels [1]. To reduce the dependency, 
people have always tried to improve energy utilization efficiencies of indoor devices [2] or turned to 
renewable energy [3-5]. 

For the traditional air conditioner, it was reported that about 30 50% of the total energy consumption 
was due to the condensation dehumidification. Thus, the liquid desiccant dehumidification unit was 
proposed to be integrated with the traditional air conditioner. It is the liquid desiccant air conditioning 
system, which can realize the separate control of temperature and humidity. Unlike the traditional air 
conditioner, 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 
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cooler is increased so as the cooler COP in the liquid desiccant air conditioning system is higher than that 
of the traditional air conditioner [6]. 

The major component of interest in the liquid desiccant air conditioning system is the dehumidifier in 
which the process of heat and mass transfer occurs between humid air and liquid desiccant. Until now, 
several kinds of simulation models have been developed to predict and assess the performance of the 
dehumidifier [7-9]. However, most of the models did not take the flow into consideration. To simplify the 
heat and mass transfer process, lots of common assumptions have been made for the above models. 
Moreover, most of the study focused on the inlet and outlet parameter changes rather than the interior 
condition of the dehumidifier. 

To fill the research gap, a model on the basis of CFD was established to study the performance of the 
dehumidifier under different conditions. With the model, the interior heat and mass transfer process could 
be obtained. Intensive analysis was conducted to investigate the influence of some factors, such as inlet 
desiccant temperature, desiccant flow rate and internally cooling. 

2. Mathematical model 

2.1. Geometric model 

Numerical simulations were conducted for the unsteady two-phase flow with free liquid surface in the 
channel between two flat plates. The simplified geometric constructions are presented in Fig. 1. 
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Fig. 1. simplified physical model 

2.2. CFD equations 

The basic principles of CFD are mass conservation, momentum conservation and energy conservation. 
(1) Mass conservation 

= 0
t

u                                                                                                                                    (1) 

In present paper, the mass transfer source 
lg,kS  is the water absorbed from the humid air by the solution, 

lg,k g g,b g,e ( )S K W W A                                                                                                                                (2) 
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(2) Momentum conservation 

= - ( ( ))TP
t

u uu u u g F
                                                                                        (3) 

(3) Energy conservation 

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

u                                                                                      (4) 

where ES  is the energy source term, which is the latent heat generated by the mass transfer and is 

presented as follows, 
1

E lg,k lg,k
0

m

k

S S H                                                                                                                                          (5) 

3. Material properties 

The basic state of LiCl solution was set as follows: temperature 298 K, mass concentration 30%. CFD 
software Fluent provides the user custom interface where the files of various properties of LiCl solution at 
different concentrations and temperatures can be compiled with the program, including the density, 
thermal conductivity, mass diffusivity, viscosity, and so forth. For the moist air, the database of Fluent 
contains all of its physical properties. The users only need to set the two components- air and water vapor 
and mix them together with the relevant formulation contained by the software. 

4. Results and discussion 

4.1. Influence of inlet desiccant temperature 
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Fig. 2. mass fraction of water and temperature of outlet air 

It was found that the desiccant temperature had great impact on the dehumidification performance. As 
shown in Fig. 2. One well known reason was that the surface vapor pressure of the desiccant with higher 
temperature was higher accordingly. Another reason could be explained by Fig. 3. It showed the influence 
of the inlet desiccant temperature on the temperature distribution of the channel. It was easy to observe 
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that the temperature of the air was also affected significantly by the desiccant temperature due to the heat 
transfer. The above two factors resulted in the parabolical curve in Fig. 2. 
 

288K 298K 308K  
Fig. 3. Contour of temperature 

 

285 290 295 300 305 310
0.30

0.32

0.34

0.36

0.38

0.40

 

 Inlet desiccant temperature (K) 

In
te

rf
ac

ia
l a

ve
ra

ge
  v

el
oc

ity
 

m
ag

ni
tu

de
  (

m
 s-1

)

 
Fig. 4. interfacial average velocity magnitudes 

In addition, the interfacial velocities under different inlet desiccant temperature were analyzed, as 
shown in Fig. 4. As the desiccant with higher temperature had lower viscosity, the corresponding 
interfacial velocity would be larger. The results demonstrated that the increase of the inlet desiccant 
temperature would enhance the interface velocity. It meant 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. 

4.2. Influence of inlet solution flow rate 

By looking into the contours of temperature and mass fraction of water vapor under different inlet 
solution flow rate in Fig. 5, a common point was found, that is, the thermal diffusion was faster than the 
mass diffusion. It meant 1Le  for all the cases. In early research, through comparing the simulation 



 Yimo Luo et al.  /  Energy Procedia   88  ( 2016 )  491 – 497 495

results with the experimental data of Fumo and Goswami, Babakhani 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. 
 

0.17 kg-1m 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. 5. Contours of temperature and mass fraction of water vapor 

4.3. Influence of internal cooling 
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Fig. 6. interface temperature 
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In Fig. 6, the interface temperature along the flow direction under different heat fluxes is presented. 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. But 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. 

It seemed that the cooling did not contribute too much to the dehumidification performance by seeing 
Fig. 7. From Fig. 6, it was found that in the flow direction of the air, the temperature difference of the 
solution between the two cases would decrease gradually. The solution temperature with cooling would 
be lower than that without cooling, which was beneficial for dehumidification. On the other hand, the 
water content in the air without cooling would be larger than that with cooling. In the bottom of the 
channel, the solution temperature was much lower with cooling than without cooling and the water 
content was equal for both cases, thus the driving force was higher with cooling than without cooling. In 
the upper part of the channel, the reverse was true. Except for the driving force, the mass transfer 
coefficient was another factor which decided the mass transfer amount. As the mass transfer coefficient 
increased with the decrease of the temperature, the mass transfer coefficient with cooling would be 
greater than that without cooling. Under the function of the above two factors, the dehumidification 
amount was a litter bigger with cooling than without cooling. 
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Fig. 7. water content of outlet air 

5. Conclusions 

The performance of the dehumidifier was investigated with the CFD model. Several conclusions were 
drawn as follows, 

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. 

It was found that 1Le  for the present simulation. The results showed good agreement with the 
previous experimental study. 

For countercurrent flow, the dehumidification amount was only a litter bigger with cooling than 
without cooling in the present simulation. 

6. Copyright 



 Yimo Luo et al.  /  Energy Procedia   88  ( 2016 )  491 – 497 497

Authors keep full copyright over papers published in Energy Procedia 

Acknowledgements 

The work described in this paper was supported by the Hong Kong PhD Fellowship Scheme, the 
Postdoctoral Fellowship of the Faculty of Construction and Environment, the Hong Kong Polytechnic 
University, and the Hong Kong Polytechnic University Research Institute for Sustainable Urban 
Development (RISUD). 

References 

[1] Luo YM, Wang M, Yang HX, Lu L, Peng JQ. Experimental study of internally cooled liquid desiccant dehumidification: 

application in Hong Kong and intensive analysis of influencing factors. Build Environ 2015;93:210-20. 

[2] She XH, Yin YG, Zhang XS. Suggested solution concentration for an energy-efficient refrigeration system combined with 

condensation heat-driven liquid desiccant cycle. Renew Energ 2015;83:553-64. 

[3] Yu Y, Sun DM, Wu K, X Y, Chen HJ, Zhang XJ, Qiu LM. CFD study on mean flow engine for wind power exploitation. 

Energ Convers Manage 2011;52:2355-9.  

[4] Li QA, Maeda T, Kamada Y, Murata J, Furukawa K, Yamamoto M. Effect of number of blades on aerodynamic forces on a 

straight-bladed Vertical Axis Wind Turbine. Energy 2015;90:784-95. 

[5] Li QA, Maeda T, Kamada Y, Murata J, Kawabata T, Kogaki T. Study on flow around straight-bladed vertical axis wind 

turbing under low tip speed ratio. Journal of Fluid Science and Technology 2014;9(3):1-12. 

[6] She XH, Yin YG, Zhang XS. Thermodynamic analysis of a novel energy-efficient refrigeration system subcooled by liquid 

desiccant dehumidification and evaporation. Energ Convers Manage 2014;78:286-96. 

[7] Luo YM, Shao SQ, Xu HB, Tian CQ. Dehumidification performance of [EMIM]BF4. Appl Therm Eng 2011;31(14-

15):2772-77. 

[8] Luo YM, Shao SQ, Qin F, Tian CQ, Yang HX. Investigation of feasibility of ionic liquids used in solar liquid desiccant air 

conditioning system. Sol Energy 2012;86:2718-24. 

[9] Ren CQ. Corrections to the simple effectiveness-NTU method for counterflow cooling towers and packed bed liquid 

desiccant–air contact systems. Int J Heat Mass Tran 2008;51:237-45. 

 

Biography 

Yuanhao Wang is a teaching fellow in Technological and Higher Education 
Institute of Hong Kong. He obtained the bachelor degree in Tsinghua University 
and Ph.D. in the Hong Kong Polytechnic University. His research interests 
focus on renewable energy applications and nanomaterial for green building. 

 

 


