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Abstract 

Falling film absorber is widely used in ammonia water absorption refrigeration unit. It 
has the advantages of large gas-liquid contact area, high heat transfer efficiency and 
simple structure. The research progress of horizontal tube, vertical tube and plate falling 
film absorber at home and abroad is reviewed. The present research shows that the 
research of falling film absorber is getting mature and has broad application prospects. 
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1. Introduction 

Absorber is the core component of absorption refrigeration unit. According to the gas-liquid contact 

mode of absorption process, the absorber can be divided into three categories: falling film absorption, 

bubble absorption and spray absorption of [1]. In the falling film absorber, the absorption solution 

falls to the surface of the falling film pipe through the liquid distribution or spray device, forming a 

liquid film for the absorption. 

Falling film absorber has the advantages of large gas-liquid contact surface area, high heat exchange 

efficiency, easy flow control and simple structure. Therefore, it is widely used in the production of 

refrigeration and air conditioning [3], cold storage, synthetic ammonia and urea [4-6]. Its heat 

exchange area accounts for more than 40% of the heat exchange area of the unit, and the metal 

consumption accounts for a large proportion [7]. The absorption performance directly determines the 

working capacity of the whole refrigeration unit. Therefore, to study the performance of falling film 

absorber and design an efficient absorber is the main way to save the investment of absorption 

refrigeration device and improve the refrigeration coefficient of the system [8]. In this paper, based 

on the existing literature, the research progress of falling film absorber in ammonia water absorption 

refrigerator is reviewed. 

2. Research progress of horizontal tube falling film absorber 

The absorption process of ammonia solution is a complex process of heat and mass transfer coupling 

each other. The ammonia in the gas phase of the absorber mainly enters the solution from the liquid 

film distributed on the surface of the falling film tube, so it is very important to study the liquid film 

on the falling film tube surface. 

Zhang Qiang et al. [9] through modeling and analyzing the falling film absorption process outside the 

horizontal tube, it is found that the performance of the absorber directly depends on the characteristics 

of the liquid film on the falling film tube surface. The forming process of the liquid film can be 

considered as that the liquid film moves around the outer wall of the smooth tube in a circular motion 

with variable speed under the action of the viscosity of the fluid. The velocity field and temperature 

field of ammonia falling film absorption characteristics were obtained by discretization of the 

mathematical model. At the same time, the falling film absorption experiment of light tube with length 
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of 1000mm and outer diameter of 25mm was established. The experimental results show that the heat 

transfer coefficient of the absorber increases with the increase of heat flux and volume flow rate. 

When the volume flow rate is 25 ml/s, the heat transfer coefficient reaches the maximum value. After 

that, with the increase of the volume flow rate, the liquid film splashes, and the surface of falling film 

tube cannot be well wetted, but the heat transfer coefficient decreases. 

In addition to the characteristics of liquid film, the pressure, absorption temperature and the state of 

solution in the absorber also have great influence on the performance of the absorber. Lee et al. [10] 

carried out ammonia absorption experiment on an absorber containing 6 horizontal falling film tubes 

with an outer diameter of 9.5mm and a length of 0.292m. The effects of the flow rate and 

concentration of the solution and the pressure in the absorber on the heat transfer coefficient of the 

absorber are mainly measured. The experimental results show that the heat transfer system increases 

from 753w/(M2·K) to 1853w/(M2·K) when the flow rate of solution increases from 0.019kg/s to 

0.034kg/s. The velocity of solution is the most important factor affecting the heat transfer coefficient 

of absorber. The mass transfer resistance mainly exists in the liquid side. 

3. Research progress of vertical tube falling film absorber 

Vertical tube falling film absorption is a common way of falling film absorption in ammonia water 

absorption refrigeration units. The ammonia solution forms a liquid film on the wall surface of the 

falling film tube through the liquid distributing device to absorb the entering ammonia. The 

absorption process is exothermic. The absorption heat generated can be carried away by the cooling 

medium in the tube, and the absorption process can continue. Many scholars have studied the process 

of falling film absorption, through simulation analysis and experimental research, to analyze the 

factors affecting the absorption performance. 

Xu Shiming et al. [11] established a thermal mass coupling transfer model at the liquid film interface. 

The mathematical model is checked by the initial conditions in Qian Songwen [12]. The results show 

that the temperature of the liquid film at the interface of mass transfer is similar to that of the main 

stream, and the temperature of the interface is higher than that of the main stream. The mass transfer 

coefficient of the gas phase increases rapidly along the length of the tube, but the heat transfer 

coefficient of the absorption tube bundle is basically unchanged along the length of the tube. 

Niu Xiaofeng et al. [13] modified the conventional improved infiltration model, denied the 

assumption that the liquid film thickness and concentration gradient can be regarded as infinite in the 

original model, and divided the whole falling film absorption process into non turbulent area and 

turbulent area, and modified and calculated the Levich thickness and overall wave velocity of wave 

crest and trough in non turbulent area. At the same time, the ammonia falling film experiment was 

carried out on a 950 mm long and 25 mm outer diameter smooth tube, and the mass transfer 

coefficient of the absorption process at different Reynolds numbers was measured. The results show 

that the deviation between theoretical data and experimental data is less than 10% - 15%. The model 

has good predictability at low Reynolds number. 

Xu Feng [14] et al. Established a thermal mass coupling numerical integration model by intercepting 

a micro element section in the absorption process. According to the experimental data provided by 

Bao Tianshu [15], the heat transfer area required in the absorption process was calculated to be 0.44m2, 

and the total heat transfer coefficient of the absorber was slightly lower than the experimental value. 

The effects of inner diameter of absorption tube, spray density and cooling water flow rate on film 

temperature and concentration were studied. The simulation results show that the spray density is the 

main factor restricting the absorption effect. 

Based on the double membrane theory in gas absorption process, Lin Peng et al. [16] established a 

mathematical model for ammonia water falling film absorption process in vertical tube, and analyzed 

the changes of gas phase concentration, mass transfer coefficient and liquid film temperature along 

the length of absorption tube wall in the absorption process. The calculation results show that the 

absorption length of falling film tube is 1.1m under the condition of cooling water temperature of 
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20 ℃, absorption pressure of 0.2MPa and dilute solution concentration of 22.5%. When the cooling 

water temperature increased to 35℃, the absorption length increased rapidly to 4.48 M. When the 

inlet temperature of dilute solution increases from 30℃ to 50℃, the absorption length almost does 

not change. The results show that the higher the cooling water temperature is, the higher the 

concentration of dilute solution is, the lower the absorption pressure is. The longer the absorption 

length of falling film tube is required for complete absorption, and the faster the length increases. 

According to the traditional mathematical model, the calculation of heat and mass transfer area should 

be based on the logarithmic average temperature difference of ammonia solution. But Qian Songwen 

[12] put forward different opinions. He believes that the ammonia absorption process is a process of 

heat and mass transfer coupling, and heat transfer should not be simply considered as the main factor. 

The heat transfer area calculated by absorption heat of cooling water is too simple to be used as mass 

transfer area, which is not consistent with the actual area. In the absorption process, the temperature 

of the liquid film does not drop evenly, so it is unreasonable to adopt the logarithmic average 

temperature difference in the heat transfer equation, so the calculation method of section by section 

should be adopted for checking calculation. Taking a vertical ammonia falling film absorber of a 

factory in Guangdong Province as an example, the heat transfer area calculated by the new method 

only accounts for 51.7% of the conventional heat transfer area under the conditions of cooling water 

inlet temperature of 30℃, outlet temperature of 36℃ and dilute ammonia water inlet concentration 

of 21%. 

The inorganic chemical engineering teaching and research group of Shanghai Institute of chemical 

technology [17] made a trial calculation on the size of the absorption tower under the background of 

the falling film absorption tower for urea production. On this basis, the physical model of the 

absorption process is improved. The inner wall of the tube is divided into wetted interface covered 

by the liquid film and non-wetting interface directly contacting with gas phase, thus a more accurate 

calculation formula is given. Sieres [18] et al. Based on the differential equation of heat and mass 

transfer of ammonia water and the double film theory, on the basis of the finite difference method, 

summed up a set of general calculation correlations, which can be used to calculate the absorption, 

generation and distillation process of ammonia absorption refrigeration. 

Because the mathematical model of the absorber is based on many assumptions, the operating results 

will be different from the actual operating conditions. Therefore, the key factors affecting the 

absorption performance of the absorber can be analyzed by building a test-bed and using the single 

variable method. 

Niu Xiaofeng et al. [19] conducted an experimental study on the falling film absorption of ammonia 

solution under the magnetic field condition by applying an external magnetic field to the main 

absorption section. The experimental results show that when the external magnetic field direction is 

unchanged and the magnetic field intensity increases from 0T to 0.14T, the absorber outlet volume 

concentration and cooling water outlet temperature will increase. The results show that the magnetic 

field strength can strengthen the absorption of ammonia. It is also found that when the magnetic field 

direction is perpendicular to the falling film direction, the absorption rate will slow down. The 

following table records the changes of magnetic induction intensity, cooling water outlet temperature 

and mass fraction of concentrated ammonia solution with different current intensity. 

 

Tab1. Corresponding value of magnetic induction intensity, tempertature of cooling water at outlet, 

concentration of ammonia-water after absorption for current flow 

I/A B/T Tw,out/℃ 
out/% 

0 0 19.65 18.14 
2 0.01 19.82 18.23 
4 
6 
8 
10 

0.05 
0.08 
0.11 
0.14 

19.90 
19.93 
20.05 
20.30 

18.3 
18.48 
18.6 
18.72 
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Xu Zhenzhong et al. [20] set up an experimental platform and measured the mass transfer rates under 

different flow rates under the conditions of absorption pressure of 350 kPa and supercooling degree 

of dilute solution inlet of 27℃. The adiabatic absorption process is simulated and analyzed. The 

experimental results show that the absorption and mass transfer rate increases with the increase of 

Reynolds number Re, and the maximum value is 0.126g/s, which is consistent with the simulation 

results. At the same Reynolds number, the absorption mass transfer rate increases with the increase 

of the subcooling degree of the inlet dilute solution. This shows that the supercooling of absorption 

solution is beneficial to the realization of mass transfer process. Therefore, in the process of ammonia 

falling film absorption, it needs reasonable supercooling and cooling. 

The improvement of the structure of falling film tube can significantly promote the absorption rate. 

Chen Xiaozhuan et al. [21] aimed at three different sizes and specifications of cross striated tubes, 

through building an experimental platform, studied the optimal tube structure of absorber absorption 

performance. The experimental results show that, under the same working conditions, the heat and 

mass transfer capacity of the cross ribbed tube is higher than that of the smooth tube. When the spray 

density of the solution is 479.6kg/(m·h), the mass transfer coefficient of the transverse tube increases 

by 97.8%. Goel et al. [22] improved the traditional microchannel structure by adding a wire mesh 

auxiliary structure in the microchannel, making full use of the vertical space distance to strengthen 

the mass transfer process, and constructed a new microchannel falling film absorber to strengthen the 

absorption process. 

In addition to improving the structure of the falling film tube, the absorption rate can be increased by 

strengthening the absorption solution performance. Kim et al. [23] studied the performance of heat 

and mass transfer in the absorption process of ammonia solution by Nanofluids and surface additives. 

In the experiment, they use copper, copper oxide and alumina as materials to make Nanofluids and 

add them to dilute ammonia solution. The experimental results show that the addition of Nanofluids 

and surfactants in dilute ammonia water can strengthen the absorption process. 

4. Research progress of plate falling film absorber 

At present, the application of plate falling film absorber in China is relatively small, and there is no 

theoretical analysis and Experimental Research on related aspects. Kang et al. [24] of foreign 

countries have built an experimental platform of plate falling film absorber. The falling film plate of 

the absorber is vertically placed, with the size of 110 * 130 * 34mm3, and has offset strip fins to 

strengthen the heat and mass transfer process.  

The heat and mass transfer coefficients of the absorber under different working conditions were 

measured by changing the inlet concentration, temperature and flow rate of the solution. The results 

show that both Nusselt number and Sherwood number increase with the increase of Reynolds number. 

However, the Nusselt number is mainly affected by the flow rate of concentrated solution, while the 

change of Sherwood number is mainly affected by the Reynolds number of ammonia vapor. In 

addition, the plate falling film absorber is compared with the bubble absorber [25]. The experimental 

results show that the absorption rate of the bubble absorber is higher than that of the plate falling film 

absorber due to its larger gas-liquid contact area under the same working conditions. The mass 

transfer resistance in the liquid phase of the plate falling film absorber is the dominant factor, and the 

heat and mass transfer resistance in the gas phase is very large. 

5. Summary and prospect 

Falling film absorber has been paid more and more attention because of its high absorption rate, 

simple structure and easy processing, and is widely used in ammonia water absorption refrigeration 

units. The theoretical analysis of this method is increasingly in-depth, and the experimental range is 

expanding. The application of computer simulation and numerical calculation technology not only 

speeds up the research speed, but also widens the range of research parameters, thus increasing the 

depth and breadth of research on falling film absorber. At present, domestic and foreign scholars for 



 

 

96 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 6 Issue 10, 2020 

DOI: 10.6919/ICJE.202010_6(10).0016 

the application of falling film absorber research is becoming more active, new systems and new 

methods are constantly emerging, the application field and application scope are also expanding. 

However, there are still many deficiencies to be solved. Especially in the flow and molding of liquid 

film, the heat and mass transfer between gas and liquid phase, the mechanism of absorption promoted 

by additives and nanofluids, and the comprehensive index for evaluating the performance of the 

absorber, etc., are the key directions for the research of falling film absorber at present. 
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