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Abstract 

This paper evaluates the experimental performance of two falling-film absorbers with horizontal tubes of a 

liquid desiccant system. Both absorbers are made of polypropylene in order to avoid corrosion when the 

LiCl-H2O solution is in contact with them. To improve their wettability, and hence the heat and mass 

transfer, the tubes from one of the absorbers are subject to a plasma surface treatment. According to the 

experimental results, the inlet liquid desiccant temperature and air velocity are the variables that most affect 

the absorber performance. Therefore, these two variables can be used to control the supply humidity ratio 

and air cooling rate in a liquid desiccant system. Furthermore, in comparison with the absorber with 

untreated tubes, the absorber with treated tubes performed better in terms of the overall heat transfer 

coefficient (up to 54 %), the absorber heat duty (about 17 %), the air cooling rate (up to 29 %) and the 

dehumidification rate (20 %). 

Keywords: Liquid desiccants, Experimental Performance, Absorber, Falling-film, Polypropylene, 

Plasma Surface Treatment. 

Nomenclature 

A Contact surface (m2) 

cp Specific heat capacity (kJ/kg·K) 
d Tube diameter (m) 

F Correction factor for ΔTLM method (-) 

g Gravity acceleration (9.81 m/s2) 
h Specific enthalpy (kJ/kg) 

H Humidity ratio (%) 

L Length (m) 
m Mass flow rate (kg/s) 

Q Cooling/heating rate (kW) 

Res       Reynolds number of the solution flow   

            (2 Γs/ µs) (-) 
T Temperature (K) 

U Overall heat transfer coefficient (kW/m2·K) 

v Volumetric flow rate (l/h) 
V Velocity (m/s) 

 

 

W Humidity ratio (kgw/kgda) 

X Lithium Chloride mass fraction (-) 
µ Dynamic viscosity (N-s/m2) 

Γ Solution mass flow rate per tube length 

(kg/m·s) 

Δ𝛺 Dehumidification (kgw/m2·s) 

 

Subscripts 
a Air flow 

in Inlet 

lat        Latent 

out Outlet 
s Solution flow 

sen      Sensible 

t           Tube 
w Water flow 

1. Introduction 

In applications in which dehumidification is important, liquid desiccant systems are a good alternative to 

vapor compression systems ([1], [2]) because they achieve very low levels of humidity and can be driven by 

low-grade heat sources. They also operate without greenhouse gases [3] and can be used in combination with 

vapor compression systems to control humidity and temperature separately and more efficiently [4–6]. 
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The main parts of a liquid desiccant system (Figure 1) are the two air-solution contactors: the absorber and 

the desorber [7]. In the absorber, moist air is dehumidified by direct contact with the liquid desiccant in an 

exothermic process and, therefore, cooling is required to remove the heat produced during the 

dehumidification process. In the desorber, the water absorbed is released by direct contact with moist air in 

an endothermic process, so heating is required to regenerate the solution through this component.  A 

solution-solution heat exchanger is often added to improve the performance of the system. Sometimes, it is 

also recommended to include liquid desiccant storage as a buffer. 

 
Figure 1. Schematic figure of a liquid desiccant system [7] 

Most of the absorbers and desorbers in the liquid desiccant systems of commercial and scientific applications 

([8–13]) are made of packed-bed material working as an adiabatic air-solution contactor, because of its low 

price and high contact surface area. However, non-adiabatic air-solution contactors are now being studied 

([14–18]) because they require lower liquid desiccant flow rates to achieve the same dehumidification. This 

increases the change in concentration of the liquid desiccant material throughout the air-solution contactors 

and, therefore, increases the chemical storage and COP of the system. Moreover, carry-over, one of the main 

problems of liquid desiccant systems, is reduced [12], [19].  

The most common working fluid mixture used in liquid desiccant systems is LiCl-H2O because of its low 

vapour pressure. However, this solution corrodes most metals except for titanium and tantalum, which are 

very expensive. For this reason, plastic materials could be a good cost-competitive alternative for these 

applications despite their poorer thermal conductivity and wettability. Tube wetting is a key issue to be 

solved in falling-film plastic tubes because affects to both the wetted area and the film thickness. Therefore, 

the better the tube wetting the higher both the overall heat transfer coefficient and the water 

absorption. 

Furthermore, this desiccant material has high surface tension, which makes tube wetting even more difficult. 

Gommed et al. [20] made a comparison of three absorbers: an adiabatic packed-bed absorber, a falling-film 

on horizontal tubes absorber made of titanium and a falling-film on horizontal tubes absorber made of high 

density polyethylene. Overall heat transfer coefficient achieved by the titanium absorber was 332 W/m2·K 

and by the high density polyethylene absorber 147 W/m2·K. From this comparison, it was concluded that the 
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poorer dehumidification and heat transfer in the plastic air-solution contactor were mainly due to its lower 

wettability. 

The main objective of this study is to experimentally evaluate the enhancement of the absorber performance 

of a falling-film on horizontal tubes absorber made of polypropylene with a plasma surface treatment on the 

outside of the tubes, which consists of plasma nano-layer depositions of acrylic acid [21]. Plasma surface 

treatment increases the tube wetting. This performance is compared to the performance of an absorber with 

the same specifications but with standard polypropylene tubes.  Results are also given for how different 

conditions of air, water and LiCl-H2O solution affect the absorber performance. 

2. Material and methodology 

2.1. Description of the experimental test facilities 

A test bench was built in order to study the dehumidification process of two absorbers with horizontal 

polypropylene tubes and LiCl-H2O solution. Figure 3 shows a schematic of the test bench which can be 

divided into three different subsystems:  

- The liquid desiccant circuit (green lines) which contains two solution reservoirs so that the test bench 

can be operated discontinuously in order to supply a homogeneous liquid desiccant mass fraction to 

the absorber, a pump with a frequency driver, valves and sensors (temperature and flow rate). 

- The water subsystem (red lines) which consists of a water chiller, a water boiler, an electric water 

heater, two pumps, valves and sensors (temperature and flow rate). 

- The air subsystem which consists of a fan with a frequency driver, a humidifier, a heating coil and 

sensors (temperature, relative humidity and air velocity). 

All the components in contact with the LiCl-H2O solution are made of non-corrosive materials.  

Table 1contains the specifications of the tested absorbers. Both have the same dimensions, number of tubes 

and tube arrangement. This makes a direct comparison between them possible. Figure 2 shows a drawing and 

a picture of one of the air-solution contactors when it was placed inside the polycarbonate tower (see Figure 

3). The absorbers only have a pass cooling system.  

Table 1. Specifications of the tested air-solution contactors 

Number of columns 4 

Total number of tubes 78 

Tube length (mm) 325 

Outlet tube diameter (mm) 6.5 

Inlet tube diameter (mm) 5.1 

Tube arrangement Staggered 

Column distance (mm) 10.5 

Row distance (mm) 14.4 

Thermal conductivity of tubes (W/m·ºC) 0.21 



 

 

 

 

 

 

 

Figure 2. Falling-film air-solution contactor 

 
Figure 3. Schematic of the test bench for the absorber study 

The parameters measured, the measurement devices, their accuracies and operational ranges are listed in 

Table 2. These values are required for the uncertainty calculations. All the parameters were scanned and 

recorded using an Agilent 34970A data acquisition system. The only exception was the density 

measurements, which were collected by an Anton-Paar DMA 35 portable density meter. 

Table 2. Specifications of the measuring devices 

Parameter Device Accuracy Operational Range 

Water and desiccant temperature sensors Calibrated Pt100 0.01 ºC 0-100 ºC 
Water flow rate Water flow meter 0.4 % 0-400 l/min 
Desiccant flow rate Electromagnetic flow meter 0.3 % 0-150 l/min 
Air temperature Air temperature sensor 0.2 ºC -20 - +80 ºC 
Air relative humidity Air relative humidity sensor 2 % 0-100 % 
Air velocity Air velocity sensor 0.3 m/s+ 3 % 0-10 m/s 
Liquid desiccant density Density meter 0-0.001 cm3 0-3 g/cm3 



  

 

  

 

 

 

 

2.2. Methodology 

Figure 4 shows a schematic of the absorber that includes the inlets and outlets of the streams and the 

measured variables. Both the moist and the liquid desiccant, which are in direct contact outside the 

horizontal tubes, are in counter-current flow. Cooling water is required inside the tubes to cool the solution at 

the same time as the water is being absorbed. In this way, the dehumidification process is more homogenous 

using an internally-cooled absorber than using an adiabatic absorber. This is an advantage over the adiabatic 

absorbers, in which the liquid desiccant is heated throughout the absorber due to the absorption process, so 

the dehumidification process is less effective. The overall heat transfer coefficient, the absorber heat duty, 

the air cooling rate, and the dehumidification rate were the parameters chosen to assess the absorber’s 

performance. 

The following parameters were measured: 

- Air velocity, Va (m/s)  

- Inlet air temperature, Ta,in (°C) 

- Inlet air relative humidity, Ha,in (%) 
- Outlet air temperature, Ta,out (°C) 

- Outlet air relative humidity Ha,out (%) 

- Inlet water temperature, Tw,in(°C) 
- Outlet water temperature, Tw,out (°C) 

- Volumetric water flow rate, vw,in (l/h) 

- Inlet solution temperature, Ts,in (°C) 
- Outlet solution temperature, Ts,out (°C) 

- Volumetric solution flow rate, vs,in (l/h) 

- Inlet solution density, ρs,in (kg/m3) 

- Outlet solution density, ρs,out (kg/m3) 

The thermo-physical properties for moist air are taken from Hyland and Wexler [22] and the thermodynamic 

properties for water from Haar et al. [23]. The specific enthalpy and density of the LiCl-H2O solution were 

calculated using equations from Pátek and Klomfar [24]. However, viscosity was taken from the correlations 

in Conde [25]. 

 

Figure 4. Schematic with the absorber inlets and outlets and the measured variables 



 

 

 

 

 

The water absorbed on the outer contact surface of the tubes can be obtained from air stream measurements 

by using the following equation: 

𝛥𝛺 =
𝑚̇𝑎,𝑖𝑛

𝐴
· (𝑊𝑎,𝑖𝑛 −𝑊𝑎,𝑜𝑢𝑡)          (1) 

where A is the contact surface between the solution film and the tubes, which is considered equal to the 

external surface of the tubes. Therefore: 

𝐴 = 𝜋 · 𝑑𝑜 · 𝐿𝑡 · 𝑛𝑡       (2) 

The absorber heat duty can be calculated by the sensible heat equation in the water stream as it is presented 

in the following equation: 

𝑄̇𝑤 = 𝑚̇𝑤,𝑖𝑛 · (𝑐𝑝,𝑤,𝑜𝑢𝑡 · 𝑇𝑤,𝑜𝑢𝑡 − 𝑐𝑝,𝑤,𝑖𝑛 · 𝑇𝑤,𝑖𝑛)     (3) 

The overall heat transfer coefficient can be calculated as: 

𝑈 =
𝑄̇𝑤

𝐴·𝛥𝑇𝐿𝑀
       (4) 

where ΔTLM  is the logarithmic mean temperature difference, which in this case is calculated as: 

𝛥𝑇𝐿𝑀 = 𝐹 · 𝛥𝑇𝐿𝑀,𝑐𝑐𝑓               (5) 

ΔTLM,ccf  is the logarithmic mean temperature difference between the water stream and the LiCl-H2O solution 

stream at counter-current flow. That is: 

𝛥𝑇𝐿𝑀,𝑐𝑐𝑓 =
(𝑇𝑠,𝑖𝑛−𝑇𝑤,𝑜𝑢𝑡)−(𝑇𝑠,𝑜𝑢𝑡−𝑇𝑤,𝑖𝑛)

ln
(𝑇𝑠,𝑖𝑛−𝑇𝑤,𝑜𝑢𝑡)

(𝑇𝑠,𝑜𝑢𝑡−𝑇𝑤,𝑖𝑛)
⁡

                 (6) 

F is the correction-factor plot for the single-pass cross-flow exchanger – one fluid mixed, the other unmixed 

– which is obtained according to the correlation presented by Bowman et al. [26].  

The air cooling rate is calculated as the addition of sensible cooling and latent cooling since both the 

temperature and humidity of moist air change through the absorber. This means: 

𝑄̇𝑎 = 𝑄̇𝑠𝑒𝑛 + 𝑄̇𝑙𝑎𝑡           (7) 

where sensible cooling is related to change in the moist air temperature, so: 

𝑄̇𝑠𝑒𝑛 = 𝑚̇𝑎,𝑖𝑛 · (𝑐𝑝,𝑎,𝑖𝑛 · 𝑇𝑎,𝑖𝑛 − 𝑐𝑝,𝑎,𝑜𝑢𝑡 · 𝑇𝑎,𝑜𝑢𝑡)        (8) 

and latent cooling is related to change in the moist air humidity ratio, so: 

𝑄̇𝑙𝑎𝑡 = 𝑚̇𝑎,𝑖𝑛 · ℎ𝑐,𝑤 · (𝑊𝑎,𝑖𝑛 −𝑊𝑎,𝑜𝑢𝑡)             (9) 

The energy balance of the absorber is an extra equation used as a validating equation. It is calculated by the 

following equation: 

Q̇a − Q̇w + Q̇s = 0           (10) 



  

 

  

 

 

 

 

where 𝑄̇𝑠 is the heating/cooling rate of the liquid desiccant, which can be calculated as: 

Q̇s(kW) = ṁs,in · hs,in − ṁs,out · hs,out          (11) 

where the outlet liquid desiccant mass flow rate and mass fraction are obtained from water and liquid 

desiccant mass balance equations: 

ṁa,in · (Wa,in −Wa,out) = ṁs,out · (1 − Xs,out) − ṁs,in · (1 − Xs,in)      (12) 

ṁs,out · Xs,out = ṁs,in · Xs,in      (13) 

where inlet and outlet liquid desiccant mass fractions are obtained from density and temperature 

measurements. The air-solution contactors were tested in absorber working conditions. 

Table 3 shows the experimental conditions of both air-solution contactors. It should be pointed out that most 

of the conditions were modified independently and the other variables were kept constant in order to 

determine their effect on the absorber performance. However, inlet air relative humidity and the LiCl mass 

fraction were not changed independently because of restrictions of the test bench. 

Table 3. Experimental conditions of treated and standard polypropylene air-solution contactors 

Experimental conditions Treated absorber Standard absorber 

Air velocity (m/s) 1.12-2.09 0.99-2.10 

Solution flow rate (l/h) 122.5-343.8 113.3-314.7 

Water flow rate (l/h) 321.7-423.5 220.7-325.7 

Inlet water temperature (°C) 8.7-17.9 8.7-15.3 

Inlet solution temperature (°C) 17.9-25.0 17.0-23.8 

Inlet air temperature (°C) 29.5-33.6 27.0-32.6 

Inlet air relative humidity (%) 33.2-46.6 35.5-48.5 

LiCl mass concentration (%) 35.3-35.7 35.7-35.9 

3. Results and discussion 

The absorber with standard tubes was tested in 24 experimental conditions, whereas the absorber with treated 

tubes was tested in 26. The appendix contains the experimental measurements obtained during these tests. As 

is mentioned above, the overall heat transfer coefficient, absorber heat duty, air cooling rate, and 

dehumidification rate were the parameters chosen for assessing the absorber performance. Section 3.1 

describes the absorber performance under different working conditions, whereas Section 3.2 compares the 

two absorbers. A detailed error analysis was made as described in [27]. Table 4 includes the maximum 

uncertainties of the absorber performance parameters with a 95 % confidence interval. 

Table 4. Maximum uncertainty of the absorber performance parameters. 

Absorber 

Maximum 

uncertainty  of 

heat duty (kW/m2) 

Maximum 

uncertainty  of air 

cooling rate (kW/m2) 

Maximum uncertainty  of 

overall heat transfer 

coefficient (kW/°C·m2) 

Maximum uncertainty  of 

dehumidification rate 

(kgw/s·m2) 

Standard tubes ± 0.15 ± 0.11 ± 0.012 ± 3.7·10-5 
Treated tubes ± 0.17 ± 0.13 ± 0.015 ± 3.1·10-5 

3.1.  Absorber performance  

The overall heat transfer coefficient (Figure 5) depends not only on the water flow rate but also on the air 

velocity and the Reynolds number of the liquid desiccant flow. The higher the air velocity, the higher the 



 

 

 

 

 

absorber heat duty is. Therefore, at this range of air velocities, heat transfer is enhanced due to the beneficial 

effect of the air velocity on the solution-tube heat transfer coefficient that was also experienced by 

Ambruster and Mitrovic [28]. However, according to our previous studies [7], air velocities higher than 

2.5 m/s lead to liquid desiccant carry-over and the formation of dry patches on tubes, which deteriorates the 

heat transfer. On the other hand, the solution mass flow rate has an effect on the overall heat transfer 

coefficient at Reynolds numbers higher than 18 on the standard tubes but at lower values in the absorber with 

treated tubes, because of the better tube wetting.  

 

Figure 5. Overall heat transfer coefficient of the absorbers as a function of the air velocity and the Reynolds number of the solution 

Absorber heat duty (Figure 6) mainly depends on the air velocity and the difference between the inlet 

temperatures of the solution and the cooling water streams. Again, the higher the air velocity, the higher the 

absorber heat duty is because of the increase in the overall heat transfer coefficient. Similarly, the higher the 

temperature difference between the water and solution, the higher the absorber heat duty is.  

 
Figure 6. Absorber heat duty as a function of the temperature difference between the inlet solution and inlet water and air velocity 

The air cooling rate of the absorber (Figure 7 and Figure 8) depends on the air velocity, the inlet liquid 

desiccant temperature and, to some extent, the Reynolds number of the liquid desiccant in the absorber with 

treated polypropylene tubes. Like the previous parameters, the higher the air velocity, the higher the air 
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cooling rate in the absorbers. In this case, this effect is not due only to a better heat transfer but also to a 

better air-liquid desiccant mass transfer.  

However, the Reynolds number of the solution flow does not seem to cause a big change in the air cooling 

rate in the absorber with standard tubes. This effect is because the tube wetting of the tubes is not enhanced 

much by increasing solution flow rates. In both absorbers, the inlet liquid desiccant temperature has a 

considerable effect on the air cooling rate. In this respect, the lower the inlet liquid desiccant temperature the 

higher the air cooling rate. This is because dehumidification is improved by the lower vapor pressure of 

water in the liquid desiccant and higher sensible cooling in air.  

 

Figure 7. Air cooling rate of the absorbers as a function of the air velocity and the Reynolds number of the solution 

 

Figure 8. Air cooling rate of the absorbers as a function of the air velocity and the inlet solution temperature 

The inlet solution temperature and the air velocity are the variables that have the highest influence on the air 

dehumidification rate (Figure 9). The reasons for this effect are the same as those for the air cooling rate. 

However, the solution flow Reynolds number which, in principle, could affect the dehumidification, has a 

negligible influence on it compared to the other two variables. Therefore, these two variables can be used to 

control the supply humidity ratio in a liquid desiccant system.  
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Figure 9. Air dehumidification rate of the absorbers as a function of the inlet solution temperature and the air velocity 

3.2. Comparison of absorber performance 

Figure 10 and Figure 11 compare the two absorbers in terms of heat duty, overall heat transfer coefficient, air 

cooling rate and dehumidification rate under similar working conditions. In this regard, the absorber with 

treated tubes performs better than the absorber with standard tubes in all these four variables. More 

specifically, the heat duty in the absorber with treated tubes is enhanced by about 70 W throughout the range 

of air velocities, which means an improvement of about 17 % over the standard tubes. With treated tubes, the 

overall heat transfer coefficient increases slightly at higher air velocities; the maximum difference is 0.026 

kW/ºC (which is obtained at 2 m/s), which is an improvement of 54 % in comparison with the absorber with 

standard polypropylene tubes. 

 

Figure 10. Comparison of the absorbers’ overall heat transfer coefficient (left) and heat duty (right) as a function of the air velocity 

Similarly, the enhancement of the air cooling rate achieved with treated tubes increases slightly at higher air 

velocities; the maximum difference is 232 W, which is about 29 % in comparison with the standard tubes. 

Finally, the maximum improvement in the dehumidification rate achieved by the treated tubes is 6.9·10-5 

kg/m2s, which is an enhancement of about 20 % in comparison with standard tubes. 
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Figure 11. Comparison of the air cooling rate and (left) the dehumidification rate (right) as a function of air velocity 

4. Conclusions 

Experimental tests were carried out at absorber working conditions to determine the performance of two 

polypropylene falling-film air-solution contactors with horizontal tubes of a liquid desiccant system. The 

absorbers were of the same dimensions and specifications with the exception of the tube surface. The heat 

duty, air cooling rate, overall heat transfer coefficient and dehumidification rate were the variables used to 

study and compare their performance. The main difference between them is that one was subject to a plasma 

surface treatment to improve its wettability.  

According to the data analysis of the present study, air velocity and inlet liquid desiccant temperature are the 

variables that have the highest effect on the absorber performance. In particular, air cooling and 

dehumidification rate are increased about 50 % and 37 % respectively when air velocity is increased from 

1.2 to 2.0 m/s. Similarly, air cooling and dehumidification rate are risen about 35 % and 52 % respectively 

when inlet solution temperature is decreased from 23 to 17 °C. The effect of the air velocity is due to an 

improvement in the mass transfer and in the tube-solution heat transfer coefficient. The inlet liquid desiccant 

temperature mostly affects the dehumidification rate and the air cooling rate. In this case, lower inlet liquid 

desiccant temperatures reduce the vapour pressure of the water within the desiccant, so the dehumidification 

rate increases. As well as this effect, the air cooling rate increases because of the sensible cooling of air is 

greater. Thus, these two variables can be used to control the air dehumidification and air cooling rate in a 

liquid desiccant system. 

The liquid desiccant flow rate, which in principle can play a key role in the absorber performance, only 

affects the overall heat transfer coefficient, which is enhanced when the solution Reynolds number is higher 

than 10 for the treated tubes and when the solution flow Reynolds number is higher than 18 for the standard 

tubes.       

Our comparison of the two absorbers showed that the absorber with treated tubes performed better. The 

enhancement is the greatest for the overall heat transfer coefficient (up to 54 %), but also considerable for the 

absorber heat duty (about 17 %), air cooling rate (up to 29 %) and dehumidification rate (20 %), which 

shows that tube wetting is much better in the treated polypropylene tubes. 
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Appendix  

Table A.1. Experimental results of the absorber with standard polypropylene tubes 

No. 
Ts,in 

(ºC) 

Ts,out 

(ºC) 
Ha,in (%) 

Va 

(m/s) 

Ta,in 

(ºC) 
Ha,out (%) 

Ta,out 

(ºC) 
vs,in (l/h) 

Tw,in 

(ºC) 

Tw,out 

(ºC) 
vw (l/h) 

Xs,in  

(%) 

1 17.7 20.4 48.5 1.78 27.0 42.9 21.8 222.9 13.3 14.3 220.4 35.9 

2 19.9 22.8 39.4 2.06 28.2 39.2 22.0 221.7 8.8 10.3 276.3 35.7 

3 17.0 19.4 35.5 2.10 32. 6 37.9 24.2 313.7 10.2 11.2 321.5 35.9 

4 17.3 19.2 42.2 1.62 29.5 40.8 22.6 310.8 9.5 10.6 318.8 35.9 

5 18.7 19.9 46.3 1.20 28.2 41.5 21.7 314.7 8.9 9.9 311.7 35.9 

6 18.2 20.8 43.1 2.00 29.2 40.4 24.0 215.1 9.6 10.7 323.9 35.8 

7 18.4 20.3 41.1 1.57 29.9 41.2 22.9 212.9 8.7 9.8 321.9 35.9 

8 18.5 20.1 44.7 1.17 28.8 42.6 21.7 212.0 9.3 10.2 321.1 35.8 

9 18.7 20.4 44.3 1.17 29.1 43.1 22.0 159.4 9.7 10.6 323.4 35.9 

10 18.8 20.9 42.0 1.59 29.8 42.8 22.6 158.5 10.1 11.1 322.4 35.8 

11 18.9 21.3 38.4 1.99 30.9 41.0 23.3 158.1 8.7 9.9 320.9 35.9 

12 18.9 21.5 39.1 2.01 30.8 41.7 24.0 156.2 13.0 14.0 325.2 35.7 

13 19.3 21.6 41.2 1.56 30.4 42.0 23.7 155.3 13.5 14.4 322.1 35.6 

14 19.5 20.8 44.7 1.15 29.6 42.9 23.2 154.8 14.1 14.9 319.6 35.8 

15 19.4 20.5 44.6 0.99 29.2 41.3 22.8 220.6 14.5 15.2 322.1 35.9 

16 19.3 21.2 39.4 2.00 31.6 39.9 24.3 299.7 13.7 14.6 316.0 35.7 

17 19.3 21.2 41.0 1.59 31.1 40.3 23.9 298.0 14.0 14.9 309.8 35.8 

18 19.3 20.8 43.7 1.18 30.4 40.1 23.4 297.0 14.3 15.1 310.7 35.8 

19 20.0 22.1 35.8 2.07 29.2 37.0 22.7 230.5 10.2 11.4 321.5 35.7 

20 22.9 24.4 36.7 2.06 29.4 38.9 23.5 134.2 12.5 13.7 322.0 35.7 

21 20.0 22.1 39.2 1.63 28.9 39.1 23.1 133.7 13.1 14.0 322.8 35.7 

22 23.8 25.0 41.7 1.21 28.4 39.6 23.2 133.3 13.5 14.5 316.4 35.7 

23 22.3 23.3 39.5 1.60 29.3 38.1 23.8 303.8 14.9 15.9 325.7 35.8 

24 22.8 24.1 37.2 2.08 30.1 37.4 24.6 300.8 15.3 16.4 325.4 35.7 

  



 

 

 

 

 

Table A.2. Experimental results of the absorber with treated polypropylene tubes 

No. 
Ts,in 

(ºC) 

Ts,out 

(ºC) 
Ha,in (%) 

Va 

(m/s) 

Ta,in 

(ºC) 
Ha,out (%) 

Ta,out 

(ºC) 
vs,in (l/h) 

Tw,in 

(ºC) 

Tw,out 

(ºC) 
vw (l/h) 

Xs,in  

(%) 

1 17.9 18.7 42.6 1.27 29.5 41.7 21.2 123.3 9.6 10.6 322.2 35.6 

2 18.3 19.5 39.7 1.61 30.1 42.1 21.2 122.5 10.1 11.2 321.9 35.7 

3 18.5 19.9 37.0 2.05 30.9 41.3 21.6 122.6 8.8 10.1 321.7 35.6 

4 18.0 18.3 36.5 2.04 31.2 39.6 21.5 233.9 9.4 10.8 322.4 35.7 

5 17.9 18.1 38.6 1.58 30.7 39.9 21.3 233.2 9.9 11.2 322.5 35.7 

6 17.9 17.8 40.4 1.29 30.2 39.7 21.1 232.1 8.7 9.9 322.9 35.6 

7 19.1 21.0 44.6 2.08 31.5 46.0 22.8 343.8 11.2 12.3 411.6 35.7 

8 19.1 20.7 43.7 1.62 32.1 45.1 22.6 342.0 11.7 12.6 412.3 35.7 

9 19.2 20.4 45.4 1,19 31.8 44.2 22.3 340.3 12.2 13.0 411,6 35.7 

10 19,4 20.8 46.6 1,20 31.5 44.9 22.2 259.1 12.6 13.4 410.3 35.7 

11 19.6 21.3 44.7 1.64 31.9 45.2 22.8 255.1 13.1 13.9 412.5 35.7 

12 19.9 21.8 43.8 1.63 32.1 46.6 23.3 171.3 13.4 14.3 412.0 35.7 

13 20.2 21.7 45.9 1.21 31.6 46.6 23.1 170.9 13.9 14.7 413.5 35.7 

14 25.0 26.1 36.1 2.09 31.9 39.5 24.4 172.2 15.9 16.8 423.5 35.4 

15 24.6 25.2 40.6 1.21 31.4 38.5 24.5 257.1 17.1 17.9 417.5 35.5 

16 24.9 25.7 37.9 1.63 32.3 38.2 25.2 256.4 17.5 18.4 421.8 35.6 

17 24.5 25.7 35.2 2.08 33.2 37.1 25.9 255.8 17.9 18.8 423.0 35.6 

18 18.9 20.8 33.2 2.07 33.6 39.1 22.7 345.4 9.0 10.1 409.8 35.3 

19 19.2 20.8 35.7 1.53 32.8 40.0 22.2 343.3 9.5 10.5 405.4 35.5 

20 19.4 20.5 40.1 1.12 31.5 40.3 21.7 341.5 10.0 10.9 406.7 35.5 

21 19.8 21.5 38.3 1.99 31.8 42.1 22.5 343.7 10.7 11.8 410.8 35.5 

22 20.1 21.2 38.6 1.99 31.7 42.0 22.5 232.4 10.2 11.3 408.9 35.4 

23 20.3 21.7 38.9 2.00 31.7 43.2 22.7 160.6 10.8 11.8 411.0 35.5 

24 21.8 24.0 41.4 2.09 31.2 42.6 23.8 330.9 14.6 15.5 423.2 35.4 

25 22.6 25.0 43.0 1.64 30.9 42.0 23.4 329.6 14.9 15.9 423.5 35.4 

26 22.8 25.4 45.7 1.21 30.4 42.0 23.8 328.4 15.3 16.2 423.5 35.3 

 


