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Abstract: The falling film dehumidifier is a key component in the liquid desiccant 8 

cooling system (LDCS). However, the most commonly used metals, such as steel and 9 

aluminum, can hardly resist the erosion of liquid desiccant. It greatly limits the 10 

fabrication of compact dehumidifiers and hinders the promotion of LDCS. The present 11 

study introduced a novel falling film dehumidifier which was made by the metal of 12 

anodized aluminum. Experiments were carried out to compare the dehumidification 13 

performance between ordinary aluminum dehumidifier and anodized one. The 14 

influences of air temperature, mass flow rate, inlet humidity and solution temperature, 15 

mass flow rate, temperature on dehumidification performance were identified. The 16 

results showed that the anodized aluminum could alleviate the erosion significantly. In 17 

addition, with the surface treatment by anodizing, the contact angle of lithium chloride 18 

solution decreased from 85.2o on an ordinary aluminum plate to 43.1o on an anodized 19 

one. Accordingly, the wetting area on the plate dehumidifier increased from 0.143m2 to 20 

0.178m2 with a 24.5% increment at certain operating conditions. Both the absolute 21 

moisture removal and dehumidification effectiveness increased in various degrees for 22 

anodized dehumidifier compared with the ordinary type. The relative increments could 23 

reach up to 50.6% and 36.7% under certain conditions respectively. The newly 24 

introduced anodized aluminum dehumidifiers can not only alleviate the plate corrosion 25 

but also improve the dehumidification capability due to smaller surface contact angles, 26 

which can be promisingly applied in LDCS. 27 
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Nomenclature 

d  Absolute humidity( /g kg ) ξ  Dehumidification effectiveness 
(Dimensionless) 

G  Flow rate( /kg s ) ∆  Change value 
h  Enthalpy( /kJ kg ) Subscripts 

LDCS  Liquid desiccant cooling system a Air 
T  Temperature( o C ) dry Dry bulb 
X  Concentration( % ) e Equilibrium  

  in Inlet 
Greek symbols out Outlet  

ϕ  Relative humidity( % ) s Solution 
ρ  Density( 3/kg m ) w Cooling water 

1 Introduction 32 

   The traditional vapor compression cooling system (VCS) has been criticized for its 33 

reliance on electricity consumption and limited control ability of dehumidification. 34 

Compared with the VCS, the liquid desiccant cooling system (LDCS) is more efficient 35 

by handling the sensible and latent load separately. With the quest of high quality life 36 

among people in nowadays, the LDCS has shown its unique attraction with the ability 37 

to create a more comfortable indoor environment. What is more, the regenerator as 38 

another key component in LDCS can make use of low grade energy, such as solar energy, 39 

waste heat, during the regeneration of liquid desiccant. Therefore, LDCS is considered 40 

as a promising candidate in the cooling field, especially in humid regions, such as Hong 41 

Kong.  42 

The existing study focuses on the dehumidification performance of dehumidifier 43 

which is one of the main components in LDCS [1-5]. Generally, most dehumidifiers 44 

can be classified into three types, i.e. packed bed, falling film dehumidifiers and indirect 45 

contact type [1, 2, 4, 6-8]. In a packed bed dehumidifier, the concentrated liquid 46 

desiccant is sprayed in the bed and flows along the packed material. The processed air 47 

also flows through the space in the bed and contacts with the solution. Due to the partial 48 

pressure difference of water vapor between liquid desiccant and air, water vapor in the 49 

air is absorbed by the concentrated solution. During this process, latent heat due to 50 

water vapor absorption would release. So the solution temperature will increase 51 

continually along the flow direction, and this inevitably deteriorates the absorption 52 

performance to some degree. In addition, other problems, such as low wetting ability 53 

of packed materials, possibility of liquid entrainment, high pressure drop of air, further 54 



limit its wide application [2, 4, 5].  55 

In order to solve the problems mentioned above, researchers introduced another 56 

kind of absorber, namely falling film absorber. Compared with the packed bed one, the 57 

solution can be internally cooled by other media, and it also overcomes liquid 58 

entrainment and high pressure loss to a great extent [2, 4, 5]. Researchers have carried 59 

out studies to investigate the simultaneous heat and mass transfer characteristics in an 60 

internally cooled dehumidifier both numerically and experimentally [1-5]. To 61 

summarize, the mathematic models for dehumidifier can be divided into two categories, 62 

i.e. effectiveness-NTU model and finite difference model [9]. Their applications can be 63 

found for parallel flow, counter flow and cross flow [10-13]. However, in the 64 

mathematics model, the properties of materials, such as resistance and corrosion, were 65 

not considered and validated. 66 

For tube absorber, Jeong et al. [14] developed a model to predict the heat and mass 67 

transfer in falling film and droplet mode flow of a tube absorber. In their model, 68 

incomplete wetting was considered by introducing a wetting ratio. After model 69 

validation, they studied the effects of different parameters on the dehumidification 70 

performance. Three copper tubes with different outer diameters were employed by 71 

Yoon et al. [15] to explore the heat and mass transfer characteristics during absorption 72 

process. The absorber with smaller diameters showed better heat and mass transfer 73 

performance. Luo et al. [16] experimentally studied the performance of a fin-tube 74 

internally-cooled dehumidifier and reported a good absorption performance of the fin-75 

tube absorber. In their study, in order to enhance the corrosion resistance performance 76 

of the dehumidifier, the surface treatment technology of electroplating was employed. 77 

Some antiseptic materials were adhered to the surface of the fin through electroplating. 78 

Comparative corrosion resistance tests demonstrated good anti-corrosion performance 79 

of the adopted fin-tube dehumidifier and the poor anti-corrosion performance of 80 

stainless steel 304 and copper. 81 

However, the dehumidifier based on tubes has lower efficiency and bigger volume 82 

compared with the absorbers made by plates [17, 18]. So, the plate type dehumidifier 83 

has drawn more attention naturally [14-21]. The dehumidification performance of a 84 

stainless steel dehumidifier was studied by Luo et al. [19, 20]. The influence of various 85 

parameters which included the film thickness on absorption behavior was identified. 86 

Yin et al. [21] studied both the dehumidification and regeneration performance of an 87 

internally cooling/heating absorber made by stainless steel. Their results revealed that 88 



the heat and mass transfer efficiency of internally-cooled/heated dehumidifier/ 89 

regenerator was higher than those adiabatic ones. Gao et al. [22] also conducted 90 

experiments to compare the dehumidification effectiveness and moisture removal rate 91 

between an internally cooled and an adiabatic dehumidifier. Internally cooled 92 

dehumidifier was verified to have higher dehumidification effectiveness and bigger 93 

moisture removal rate. However, they did not give detailed information about the 94 

dehumidifier. In the work done by Zhang et al. [23], the dehumidifier made of stainless 95 

steel was designed and investigated both by experiments and simulation analysis. After 96 

the experimental and numerical study of absorption performance under various 97 

operating conditions, an internally cooled/heated LDCS system driven by exhaust heat 98 

of heat pump was proposed with relatively high COP. In consideration of the strong 99 

corrosion of liquid desiccant, Liu et al. [24] introduced an internally-cooling 100 

dehumidifier made of thermally conductive plastic. Unlike the normal plastic, the 101 

thermal conductivity of the mentioned thermally conductive plastic reaches as high as 102 

16.5 W/(m•K). On one hand, the new dehumidifier could achieve superior corrosion 103 

resistance capacity. On the other hand, it had considerable heat and mass transfer 104 

performance compared with dehumidifiers made of metals as well. Lee et al. [25] also 105 

introduced a kind of plastic dehumidifer made of heat-resistant acrylonitrile butadiene 106 

styrene plastic. In order to overcome the low wettability of plastic, hydrophilic coating 107 

and groove shape were treated on the surface of the plate. The Sh and Nu correlations 108 

for the process of heat and mass transfer were developed with an error within 25%±  109 

according to their experimental results. Mortazavi et al. [18] designed an internally 110 

cooled dehumidifier with offset fins made of copper. The new surface sturcture could 111 

not only increase the wetting area but also enhance the absorption rate significantly, 112 

which made it to be a very promising framework for the development of highly compact 113 

absorber. 114 

It is well known that commonly used materials for falling film dehumifier are 115 

metals, such as stainless steel [19-21] and copper [18]. But if no special treantment is 116 

provided, the plate corrosion would probably occur [16]. Therefore, some surface 117 

treatment process, such as electroplating [16], was introduced. Besides, some 118 

researchers gave up metal directly and chose special plastic for utilization [24, 25]. 119 

However, compared with metals, plastic has the inherent disadvantage of relative low 120 



wettability and thermal conductivity. It is quite necessary to find other material 121 

alternatives with the excellent anti-corrosion performance, good wettability, high heat 122 

conductivity and good workability. 123 

Based on the above observations, the present study newly introduced an anodized 124 

aluminum plate for dehumidifiers which has been widely used in heat exchanger. Two 125 

single channel aluminum plate dehumidifiers with and without anodizing with the size 126 

of 500mm*500mm (Length*Width) were fabricated. The corrosion resistance 127 

performance was examined within a period of 30 days. The wettability were identified 128 

and compared by the means of contact angles and wetting areas between these two 129 

aluminum plates. Finally, the dehumidification performance under various operating 130 

conditions was investigated. 131 

 132 

2 Research method 133 

2.1 Description of test rig 134 

A test rig was designed and fabricated for the purpose of experimental 135 

investigation on the absorption performance of the falling film dehumidifier. The 136 

systematical diagram of the test rig was shown in Fig. 1. The system had three loops, 137 

i.e. desiccant solution loop, air loop and cooling water loop. Neoprene foam was 138 

wrapped on the surface of pipes and channels to insulate the loops from external 139 

environment. 140 

Lithium chloride (LiCl) was adopted in the liquid desiccant loop and stored in the 141 

tank. A heater installed in the tank could regulate the temperature of the solution. With 142 

the assistance of a pump, the solution cycled in the loop and flowed through a by-pass 143 

valve firstly. By adjusting the opening of this value, the flow rate of solution in the cycle 144 

could be changed. The exact value of flow rate was measured by a turbine flow rate 145 

sensor. Once the solution reached the distributor, it spilt through the crack of the 146 

distributor and flowed on the surface of the plate dehumidifier in the form of falling 147 

film. By contacting with the processed air, liquid desiccant absorbed the water vapor 148 

from it under the driven force of the partial pressure difference of water vapor. Then, 149 

the solution was collected by a collector and flowed back to a tank. Both the inlet and 150 



outlet temperatures of solution were measured by Pt-100 thermocouples. The 151 

concentration was not acquired directly but calculated by measuring the temperature 152 

and density of the liquid desiccant with a thermocouple and a specific gravity 153 

hydrometer respectively. Then, the conversion was achieved via the equation provided 154 

by the literature [26]. For the air loop, the air was pumped to the channel by a fan. The 155 

flow rate of air could be regulated by a damper. The air humidity was adjusted to the 156 

required value by regulating the input power of an electric humidifier. The air 157 

temperature was controlled by an electric heater with an automatic Proportion-158 

Integration-Differentiation (PID) controller. The input humidification amount of the 159 

electric humidifier was regulated by adjusting the input voltage signal ranging from 1 160 

to 10V. Before and after the contact with liquid desiccant, the dry bulb temperatures 161 

and relative humidity were measured by the thermocouples and humidity sensors. In 162 

addition, at the outlet of the air channel, a Pitot tube which connected with a micro-163 

manometer produced by TSI Company was installed for the purpose of air flow rate 164 

measurement. Internal cooling was introduced in the system. Water was cooled by a 165 

chiller before pumping into the internally cooling unit. After the heat exchange with 166 

solution, water flowed back to tank for next cycle. Both the inlet and outlet temperatures 167 

of cooling water were obtained by Pt100 thermocouples. The flow rate of water was 168 

acquired by a turbine flow rate sensor. All the data of temperatures, humidity and flow 169 

rates were displayed and recorded by a data logger. 170 

2.2 Dehumidification performance indices 171 

Several criteria have been used to evaluate the performance of dehumidification 172 

[11-21]. In the present study, two indices, namely absolute moisture removal and 173 

dehumidification effectiveness, were chosen to identify the water vapor absorption 174 

performance in the single channel absorber. Their definitions are shown in the following 175 

part. 176 

Absolute moisture removal ( d∆ ) is defined as [19], 177 

, ,a in a outd d d∆ = −                                                                (1) 178 

where ,a ind and ,a outd  represent the inlet and outlet absolute humidity respectively. This 179 

index can indicate the absolute humidity change before and after absorption process 180 



directly. As a result, it is often employed by researchers when the outlet humidity 181 

content is the main concern. 182 

The absolute air humidity was not measured directly but by the conversion via the 183 

measured dry bulb temperature and relative humidity. Their relationship can be 184 

described as follows [27]: 185 
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where dryT is the air dry bulb temperature and ϕ  is the relative humidity. The constants 188 

in Equation 2 are: 189 
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Dehumidification effectiveness (ξ ) is defined as [22, 24], 191 

,
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In equation 4, ,e ind   is the absolute moisture content of the processing air in the 193 

condition of equilibrium with inlet desiccant solution at its concentration and 194 

temperature. It is worth mentioning that in present study the flow pattern between 195 

processed air and solution is countercurrent. The minimum absolute moisture content 196 

of outlet air is the equivalent moisture content of inlet solution at its temperature and 197 

concentration. Therefore, the maximum dehumidification effectiveness is 1. However, 198 

when the flow pattern is parallel, the dehumidification effectiveness may be greater 199 

than 1 at high solution inlet temperature and low cooling water temperature. Under such 200 

circumstance, the inlet solution temperature should be replaced by inlet cooling water 201 

temperature when calculating the equivalent moisture content [12, 24]. This criterion 202 

indicates the ratio of actual moisture removal amount to potential greatest moisture 203 

removal and shows the efficiency of a dehumidifier. It has the same meaning with heat 204 

transfer efficiency for a heat exchanger. 205 

2.3 Uncertainty analysis and experimental validation 206 

During the experiments, working conditions were changed by regulating the 207 

corresponding actuators. The detailed operating conditions are summarized and 208 

specified in Table 1. Generally speaking, all experimental parameters during the data 209 



processing can be classified into two groups, i.e. the directly measured group and 210 

indirectly measured group. They are judged by whether they can be measured by 211 

sensors directly or not. The uncertainties of the former group are obtained according to 212 

the accuracies of sensors, and the later ones are calculated based on the method of 213 

uncertainty propagation which is shown in Equation 5 [28]. The uncertainties for all 214 

parameters are summarized and listed in Table 2. 215 
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                             (5) 216 

where y   indicates the indirect measured parameter and nxδ   represents the 217 

uncertainty of the thn  direct measured parameter. The relationship between y  and ix  218 

can be described by Equation (5). 219 

1 2( , ,..., ,..., )i ny f x x x x=                                                        (6) 220 

Simultaneous heat and mass transfer took place in the single channel dehumidifier 221 

where water vapor absorption occurs. During this process, both the energy and mass 222 

conservation equations must be satisfied. The equations can be expressed as follows: 223 

, , , , , ,( ) ( ) ( ) s s o s i a a i a o w w i w oG h h G h h G h h− = − + −                                           (7) 224 

, , ,
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In equation 7, sG and aG  represents the mass flow rate of solution and air respectively.  226 

h  stands for enthalpy. The subscripts ,  ,  s a w  indicate the solution, air and cooling 227 

water correspondingly. The inlet and outlet parameters are differentiated by the other 228 

letter ,  i o  in the subscript. 229 

During the dehumidification experiments, the absolute humidity changes were 230 

found to be less than 5g/kg in all conditions. Although the change of air humidity could 231 

be detected by humidity sensor, the concentration change of liquid desiccant was too 232 

small to be measured accurately in one cycle. So, only the energy conservation equation 233 

was validated in the present study. As shown in Fig. 2, most of the validation data fall 234 

into the error band of 15%± . Therefore, the rationality of the test rig can be proved 235 

adequately. 236 

3 Results and discussion 237 



3.1 The corrosion resistance performance 238 

To enhance the corrosion resistance ability of ordinary aluminum plate, the widely 239 

used surface treatment technology of anodizing was firstly employed for dehumidifier 240 

plates. During the anodizing, the aluminum plate was inserted into an acid bath, and 241 

oxidized by electrochemical reactions. After that, a dense aluminum oxide layer was 242 

formed on the surface of ordinary aluminum [29]. As a result of the protection by such 243 

an aluminum oxide film, the erosion of plates can be greatly resisted. Two aluminum 244 

plates with and without anodizing were immersed in the lithium chloride solution with 245 

the concentration of 38% at room temperature for 30 days to test the corrosion 246 

resistance performance. Fig. 3 shows the results before and after the corrosion 247 

experiment. The rusty spots on the surface of the ordinary aluminum plate can be 248 

observed obviously after the test. However, on the surface of the anodized aluminum  249 

plate, no such phenomenon was detected. In addition, during the subsequent 250 

experimental study, anodized aluminum plate also showed excellent corrosion 251 

resistance performance, which proves that the material introduced by present study is 252 

suitable for manufacturing dehumidifiers. 253 

3.2 Influence of solution flow rate 254 

The effect of solution flow rate on absorption characteristics are presented in Fig. 255 

4. It is found neither the absolute moisture removal nor the dehumidification 256 

effectiveness changes too much with the increase of flow rate. This trend is very 257 

different from those of other researchers [19, 24]. During the experiments, it was found 258 

that the wetting area almost kept the same even when the solution flow rate increased. 259 

The measured values were 0.143m2 for normal anlumimum dehumidifier and 0.178m2 260 

for anodized one with the fluctuation less than 0.03m2. It meant that the film thickness 261 

of falling film must increase with the increase of solution flow rate. The increase of 262 

solution flow rate enhanced the heat transfer coefficient between cooling wall and 263 

solution, which improved the absorption rate subsequently. However, the increase of 264 

the film thickness increased the heat transfer resistance and offset this growing tendency. 265 

So, the performance of dehumidification showed little relationship with the solution 266 

flow rate. On the other hand, the performance difference between ordinary and anodized 267 



aluminum plates can be easily observed from Fig. 4. When the flow rate was around 268 

0.1kg/s, the enhancements were found to be as high as 1g/kg and 6.4% for absolute 269 

moisture removal and dehumidification effectiveness respectively. The relative average 270 

increments were observed to be 45.3% and 36.0% respectively. 271 

3.3 Influence of solution temperature 272 

Fig. 5 shows the influence of inlet solution temperature on dehumidification 273 

characteristics. Both the absolute moisture removal and dehumidification effectiveness 274 

reduced with the increasing of temperature. Taking the absolute moisture removal for 275 

example, when the solution temperature decreases from 34oC to 27oC, the value has a 276 

reduction of 0.51g/kg from 2.21g/kg to 1.7g/kg for normal dehumidifier and 1.05g/kg 277 

from 2.86g/kg to 1.81g/kg for the other one severally. This trend can be easily explained 278 

by the fact that the increase of solution temperature would result in the rise of 279 

equilibrium surface vapor pressure on the surface of solution. For the solution 280 

concentration of 38%, the equilibrium surface vapor pressure is 808Pa at temperature 281 

of 27oC and 1249Pa at temperature of 34oC. Therefore, the driving force for absorption 282 

reduced when the humidity of air kept constant. The merit of absorption by adopting 283 

anodizing plate was also proved, as shown in Fig. 5. The lower solution temperature 284 

was likely to have higher increment, and this could be caused by the higher water vapor 285 

difference between solution and air at lower solution temperature. 286 

3.4 Influence of solution concentration 287 

The dehumidification performances of the single channel dehumidifier under three 288 

levels of concentrations, namely 35%, 37% and 38%, were investigated. The results are 289 

summarized in Fig. 6. It is obvious that higher concentration solution has better 290 

dehumidification performance at solution flow rate of 0.1kg/s, because higher 291 

concentration means lower equilibrium surface vapor pressure on the surface of 292 

solution. The lower vapor pressure results in bigger mass transfer driving force and 293 

greater absolute moisture removal subsequently. For the dehumidification effectiveness, 294 

even though the increase of concentration enlarges the denominator of it, the increment 295 

of numerator is larger and this leads to the rise of dehumidification effectiveness finally. 296 

For these three concentrations, the relative enhancements for absolute moisture removal 297 



and dehumidification effectiveness were 28.1% and 29.8% averagely. 298 

3.5 Influence of air flow rate 299 

As shown in Fig. 7, the influence of air flow rate on dehumidification ability is 300 

illustrated. There is a descending trend for both the absolute moisture change and 301 

dehumidification effectiveness with the ascending of air flow rate. The explanation is 302 

that the air velocity also increases with the increase of air flow rate. Higher velocity 303 

means shorter contact time between air and solution. Even when the mass transfer 304 

coefficient is greater at higher velocity [24], the shorter contact time makes both the 305 

absolute moisture removal and dehumidification effectiveness smaller. However, the 306 

dehumidification rate, defined by the product of absolute moisture removal and air mass 307 

flow rate, has an increment corresponding to a rise in air flow rate. When the air flow 308 

rate increases from 0.021kg/s to 0.058kg/s, the dehumidification rate also has a distinct 309 

increment of 0.048g/s from 0.062g/s to 0.11g/s for the anodized plate. This is caused 310 

by the higher mass transfer coefficient under bigger mass flow rate [24]. The mass 311 

transfer coefficient increased from 0.0577kg/(m2•s) to 0.0775 kg/(m2•s) for normal 312 

dehumidifier when the air flow rate increased from 0.021kg/s to 0.058kg/s.  313 

3.6 Influence of air dry bulb temperature 314 

The dehumidification characteristics under different temperatures ranging from 315 

28oC to 36oC were identified as shown in Fig. 8. No distinct trend can be concluded for 316 

both kinds of dehumidifiers. Both the absolute moisture removal and dehumidification 317 

effectiveness fluctuate around certain values when the air temperature changes. Under 318 

the operating conditions in this study, the change of air temperature did not change the 319 

mass transfer coefficient much, and the change of air temperature did not have a direct 320 

influence on the mass transfer force of equilibrium surface vapor pressure difference. 321 

However, distinct enhancement for absorption performance is presented in Fig. 8. 322 

Averagely speaking, the absolute moisture removal has an increment of 0.51g/kg from 323 

2.49g/kg for aluminum plate to 3.0g/kg for anodized one, and the dehumidification 324 

effectiveness increases from 13.5% to 16.3% correspondingly in the temperature from 325 

28oC to 36oC.  326 

3.7 Influence of air inlet humidity 327 



Fig. 9 compares the absorption performance of two dehumidifiers under various 328 

inlet air humidity ranging from 17g/kg to 25g/kg. As shown, both the absolute moisture 329 

removal and dehumidification effectiveness rise with the growth of inlet humidity. For 330 

the absolute moisture removal, when the moisture content of air increases from 331 

17.2g/kg to 24.3g/kg, it changes from 1g/kg to 2.58g/kg for normal plate and 1.35g/kg 332 

to 3.33g/kg for anodized one. The dehumidification effectiveness increases from 9.35% 333 

to 14.5% for normal one and 11.7% to 18.8% for the other dehumidifier. This can be 334 

easily understood as the mass transfer force would increase with the increase of inlet 335 

humidity. In addition, the increase of absolute moisture removal on the numerator of 336 

dehumidification effectiveness is bigger than the difference between equilibrium 337 

humidity and inlet air humidity on the denominator. It causes the increment of 338 

dehumidification effectiveness as shown in Fig. 9. The enhancement of 339 

dehumidification performance by the employment of anodized aluminum can also be 340 

obviously demonstrated in this figure. 341 

3.8 Discussion on dehumidification performance 342 

As shown from Fig. 4 to Fig. 9, the distinct enhancement of dehumidification 343 

performance by adopting anodized dehumidfier can be easily concluded. Under various 344 

operating conditions, the degrees of improvement are different. When the solution  345 

concentration is 35% in Fig. 6, the relative enhancement for absolute moisture removal 346 

and dehumidification effectiveness are as high as 50.6% and 36.7% respectively. The 347 

main reason can be intuitively contributed to the significant increase of wetting area as 348 

shown in Fig. 10. As formulated by Equation 1, the absolute moisture removal is the 349 

difference between the inlet and outlet absolute humidity. The outlet absolute humidity 350 

is directly determined by the wetting area and mass tranfer coefficient at certain 351 

working conditions. When the mass transfer coefficient is the same, the absolute 352 

moisture removal is closely related with the wettting area of the dehumidifier. Bigger 353 

wetting area directly contributes to greater absolute mositure removal. As for the 354 

dehumidification effectiveness, the numerator is the same as the absolute moisture 355 

removal. The denominator is the difference between the equivalent humidity content 356 

and inlet humidity content of inlet air which are determined by the operating conditions. 357 



Therefore, the explanation for absolute moisture removal also goes for the increment 358 

of dehumidification effectiveness. In order to explore the dehumidification 359 

enhancement mechanism, some tests, including wetting area and contant angle of plates, 360 

were carried out. 361 

3.9 Surface wettability 362 

Fig. 10 presents the wettability of these two different kinds of dehumidiers with the 363 

help a high resolution infrared thermal imager made by FLUKE company. The pictures 364 

in Fig. 10 were captured under the same operating conditions. As shown in Fig. 10.a, 365 

on the surface of ordinary aluminum dehumidifier, the falling film shrank along the 366 

flow direction. However, for the anodized one, the shrinking of falling film reduced 367 

apparently as shown in Fig. 10.b. By the Microsoft Visio and GetData Graph Digitizer, 368 

the wetting area on plate dehumidifer can be measured. It was found that the wetting 369 

area increased from 0.143m2 for ordinary aluminum dehumifier to 0.178m2 for 370 

anodized one with a relative increment of 24.5%. Apart from the wetting area, the 371 

contact angles which can represent the wettability of material were also measured on 372 

different plates. A standard contact angle goniometer made by Rame-hart instrument 373 

Co. with the resolution of 0.1o was employed. The test results are illustrated in Fig. 11. 374 

Under the same conditions (solution concentration: 34%, solution temperature: 24oC ), 375 

the contact angles for ordinary plate and anodized plate are 85.2o and 43.1o respectively. 376 

The decrement of contact angle is up to 42.1o which means that the surface energy of 377 

ordinargy plate increases significantly after adopting the technology of anodizing. The 378 

surface energy is a basic parameter that indicates the surface wettability of material. 379 

Generally speaking, material with higher surface energy has better wettability. The thin 380 

anodized film on the aluminum plate reduces the surface energy, which leads to the 381 

decrement of contact angle and increment of wettting area subsequently. 382 

 383 

4 Conclusion 384 

Comparative experiments were carried out to investigate the dehumidification 385 

performance of two kinds of single channel dehumidifiers with or without anodizing 386 

under various operating conditions. The influence of the main operating conditions was 387 



identified. The wetting area and contact angle were also measured under certain 388 

conditions to identify the wettability of these two dehumidifiers. Some conclusions are 389 

drawn as below: 390 

(1) The newly proposed anodized aluminum dehumidifier showed excellent corrosion 391 

resistance performance. Anodized aluminum can be considered as a valuable 392 

material for dehumidifier plates in the future. 393 

(2) Compared with the ordinary aluminum dehumidifier, the anodized aluminum 394 

dehumidifier shows better wettability. The wetting areas are enlarged from 0.143m2 395 

to 0.178m2 with a relative increment of 24.5%, and the contact angles decrease from 396 

85.2o to 43.1o with a reduction up to 42.1o under certain conditions. 397 

(3) The operating parameters, such as solution temperature, concentration, and air inlet 398 

humidity, directly determine the mass transfer driving force and have obvious effect 399 

on the absorption performance. However, other indirect influence parameters, such 400 

as solution flow rate and air temperature, show little relationship with the absorption 401 

performance. Both the absolute moisture removal and dehumidification 402 

effectiveness have a decrement with the increase of air flow rate, but the 403 

dehumidification rate will increase due to the co-affect of contact time and mass 404 

transfer coefficient. 405 

(4) Under all operating conditions, the anodized aluminum dehumidifier presents a 406 

distinct improvement of its dehumidification performance. The enhancement for 407 

absolute moisture removal and dehumidification effectiveness can reach up to 50.6% 408 

and 36.7% respectively under certain conditions.  409 

To conclude, the newly proposed anodized aluminum can be a good material 410 

alternative for falling film dehumidifiers. The results are also valuable for the design of 411 

compact dehumidifier made of anodized aluminum and LDCS as well. However, the 412 

corrosion resistance performance test in present study only continued for 30 days which 413 

is much shorter compared with the service life period of dehumidifiers. Therefore, in 414 

our future work, the corrosion resistance performance would be tested by 415 

electrochemical methods quantificationally. 416 

 417 
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 491 

Figure. 1. Schematic diagram of the test rig. 492 
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 494 
Figure. 2. Energy balance validation of the test rig. 495 

 496 

    497 
Figure. 3. The results of corrosion resistance ability test: 498 

Left: ordinary aluminum, Right: Anodized aluminum. 499 

 500 
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Figure. 4. Influence of solution flow rate on dehumidification performance:  502 

(a) absolute moisture removal, (b) dehumidification effectiveness. 503 
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Figure. 5. Influence of solution inlet temperature on dehumidification performance:  506 

(a) absolute moisture removal, (b) dehumidification effectiveness. 507 
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Figure. 6. Influence of solution concentration on dehumidification performance:  510 

(a) absolute moisture removal, (b) dehumidification effectiveness. 511 
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Figure. 7. Influence of air flow rate on dehumidification performance:  514 

(a) absolute moisture removal, (b) dehumidification effectiveness. 515 
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Figure. 8. Influence of air inlet bulb temperature on dehumidification performance:  518 

(a) absolute moisture removal, (b) dehumidification effectiveness. 519 
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 521 
Figure. 9. Influence of air inlet humidity on dehumidification performance:  522 

(a) absolute moisture removal, (b) dehumidification effectiveness. 523 

 524 



      525 
Figure. 10. The contrast of wetting area: (a) ordinary dehumifier, (b) anodized dehumifier. 526 

     527 
Figure. 11. The contrast between contact angle on: (a) ordinary plate, (b) anodized plate. 528 

 529 

Table. 1. Summary of the experimental operating conditions. 530 

Fluid Parameter Range 

Solution 
Concentration (wt%) 35-38 
Mass flow rate (kg/s) 0.05~0.12 
Inlet temperature (oC) 27-34.5 

Processing air 
Inlet humidity (g/kg) 17-24.5 
Mass flow rate (kg/s) 0.02-0.06 
Inlet temperature (oC) 28-36 

Cooling water 
Mass flow rate (kg/s) 0.11 
Inlet temperature (oC) 18 

 531 

Table. 2. Summary of parameters’ uncertainties. 532 

Parameter Uncertainty Parameter Uncertainty 

All Temperatures/T   0.1K±  Cooling water flow rate/ wG   3%±  

Solution flow rate/ sG   3%±  Solution concentration/ sX  0.2%  

Solution density/ sρ  
3 1 /kg m±  Air absolute humidity/ d  2.5%  

Air flow rate/ aG   2.2%±  Absolute moisture removal/ d∆  3.5%  

Air relative humidity/ϕ   2.5%±  Dehumidification effectiveness/ξ  5.0%  

 533 
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