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Abstract: The performance of the absorption refrigeration system depends much on the absorber. The falling 

film absorption and bubbleabsorption studies performedexperimentallyand numericallyfor completed absorbers. 

This paper focuses on evaluating the parameters affecting the coupled heat-mass transfer as NH3-H2O diluted 

solution flowing on horizontal round tubes absorbsNH3vapor to become the stronger concentratedsolution. The 

fields ofvelocity, temperature, concentration and thickness of the falling film solution varied by the input 

conditions of diluted solution and cooling water temperature flowing in the tube represented by a test volume 

element of thetube.The two-dimensional numerical simulation is written by the Matlab programming language 

to solve partial differential equations predicting absorption efficiency while changing the parameters affecting 

the absorption process. 

Keywords:Absorption process, NH3-H2O solution, falling film on round tube  

 

Nomenclature 

x- Tangential coordinate along solution flow direction (m) 

y-Local radial coordinate normal to solution flow direction (m) 

ε-Non-dimensional tube half-circumference 

η- Non-dimensional film thickness 

u- Circumferential velocity (m/s) 

v- Normal velocity (m/s) 

δ- Film thickness (m) 

ω- Solution concentration 

T- Temperature (K) 

αib-Convective heat transfer coefficient from interface to bulk (W/m
2 
K) 

αbw-Convective heat transfer coefficient from bulk to wall (W/m
2 
K) 

αiw-Heat transfer coefficient from interface to wall (W/m
2 
K) 

αw- Convective heat transfer coefficient of cooling water (W/m
2 
K) 

U- Total heat transfer coefficient from film to water (W/m
2 

K) 

hm-Mass transfer coefficient from interface  

to bulk (m/s) 

hab-The heat of absorption (J/kg) 

ν- Kinetic viscosity (m
2
/s) 

WR- wetted ratio (%) 

θ- Angle (radian) 

 

I. Introduction 

The performance of the absorption refrigeration system depends on the absorber. Heat and mass 

transfer processes occurring between liquid and vapor phases are key points in sizing and designing the absorber 

[1], [2]. This research focuses on the properties of motion, the coupled heat and mass transfer of falling film 

absorption on the horizontal tubes of the cooling tubebundle. Heat transfer coefficient, mass transfer coefficient, 

the distribution of solution concentration profile and temperature profile of the filmleaving out the cooling 

tubebottom having decisive role in appropriate choice between adequate size of absorbersdesign and system 

operationbase on the influence of fluid flow, coolant temperature, solution concentration inlet, and tube 

diameter... Falling film absorber is the most popular due to many advantages of heat transfer efficiency, easy to 

assemble, easy to manufacture, especially well-suited to Vietnam conditions. Therefore, the study of absorption 
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properties of the falling film and parameters influencing on cooling performance are urgently needed for 

accurate thermal calculations and applications for the design, manufacture, optimized operation. 

Two common pairs of working fluid (refrigerant-absorbent) of refrigeration absorption systems are 

H2O-LiBr and NH3-H2O. Testing absorberis usingdiluteNH3-H2O solution concentration distributed evenly from 

top to form the falling film around the tubes of parallel tube layers, NH3vapor go pass through the tube layers 

from the absorber bottom [4]-[9]. Dilute solution absorbNH3vapor to become stronger solution generating the 

absorbing heat flow. This heat flow go through the tube wall to the cooling water flowing in tubes and carrying 

it away. The falling film covers only one part of the tube depends on the fluid distribution along the tube length 

and surface tension of the solution, as well as surface roughness of tube. 

 

II. Mathematical Model For A Test Volume 
2.1. Model description 

A test volume element has 100% wetted ratio. 3D physical models become 2D physical model has 

dilute solution flow direction along the tube circumference by coordinate x. Film thickness direction is from the 

tube center by coordinate y. Any points on the film are determined bycoordinate θ, y respectively. 

 

 
Fig.1. 2D physical model 

 

Assumptions of 2D physical model  

1. The flow is laminar and there are no interfacial waves; 

2. Wettability of the solution on the tube surface is100%; 

3. Thermodynamic equilibrium exits at the interface between of solution film and vapor; 

4. Heat transfer from interface to vapor phase is negligible; 

5. The variation of film thickness due to absorption of NH3 vapor is negligible; 

6. Outside tube surface temperature equals the coolant temperature. 

 

2.2. Mathematical description 

The continuity, momentum, energy, transport equations of the solution falling film on the tube bundle 

are described 2D [1]-[13]. 

For a given solution mass flow rate per unit tube length𝛤 =
𝑚 

2.𝐿𝑡𝑢𝑏𝑒 .𝑁𝑡𝑢𝑏𝑒
. Film thickness is expressed as equation 

(1). 

𝛿 =  1
3ν𝛤

(𝑊𝑅)𝜌𝑔𝑠𝑖𝑛𝜃
 

1/3

 (1) 

The velocity component u along x direction is belong to flow direction as equation (2). 

𝑢 =
𝑔𝑠𝑖𝑛𝜃

2ν
 2𝛿𝑦 − 𝑦2  (2) 

The velocity component v along y direction is normal to flow direction as equation (3). 

𝑣 = −
𝑔

2𝜈
𝑦2  

𝑑𝛿

𝑑𝑥
𝑠𝑖𝑛𝜃 +

1

𝑅𝑜
 𝛿 −

𝑦

3
 𝑐𝑜𝑠𝜃  (3) 

The phenomenon of coupled heat and mass transfer insteady state is discribed by the energy transport equation 

(4) and the spicies transport equation (5). 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼

𝜕2𝑇

𝜕𝑦 2 (4) 

𝑢
𝜕𝜔

𝜕𝑥
+ 𝑣

𝜕𝜔

𝜕𝑦
= 𝐷

𝜕2𝜔

𝜕𝑦 2  (5) 

Concentration and temperature boundary conditions at the inlet (6). 
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𝑥 = 𝑥𝑖𝑛

0 ≤ 𝑦 ≤ 𝛿
 →  

𝑇 =  𝑇𝑖𝑛
𝜔 = 𝜔𝑖𝑛

  (6) 

Concentration and temperature boundary conditions on the tube wall surface (7). 

 
𝑥𝑖𝑛 ≤ 𝑥 ≤ 𝑥𝑜𝑢𝑡

𝑦 = 0
 →  

𝑇 =  𝑇𝑤𝑎𝑙𝑙
𝜕𝜔

𝜕𝑦
= 0

  (7) 

Concentration and temperature boundary conditions at the liquid-vapor interface (8, 9, 10). 

 
𝑥𝑖𝑛 ≤ 𝑥 ≤ 𝑥𝑜𝑢𝑡

𝑦 = 𝛿
 →

 
 
 

 
 𝑚 =

𝜌𝐷

(1 −𝜔𝑖𝑛𝑡 )

𝑑𝜔

𝑑𝑦
𝑎𝑡𝑦 = 𝛿 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (8)

 

𝑞 = 𝑚′𝑎𝑏 = 𝑘𝑓
𝑑𝑇

𝑑𝑦
𝑎𝑡𝑦 = 𝛿 𝑒𝑎𝑡𝑓𝑙𝑜𝑤 (9)

𝑇𝑖𝑛𝑡 = 𝑓 𝑝,𝜔𝑖𝑛𝑡  𝑎𝑡𝑦 = 𝛿 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 (10)

  

 

The local heat transfer coefficients from the interface to bulk solution along the film flow (11) and from the bulk 

solution to tube wall surface along the film flow (12)in terms of Nusselt number. 

𝑁𝑢𝑖𝑏 =
𝛼𝑖𝑏 𝛿

𝑘𝑓
=

𝛿

(𝑇𝑖𝑛𝑡 −𝑇𝑠𝑏 )

𝑑𝑇

𝑑𝑦
𝑎𝑡𝑦 = 𝛿 (11) 

𝑁𝑢𝑏𝑤 =
𝛼𝑏𝑤 𝛿

𝑘𝑓
=

𝛿

(𝑇𝑠𝑏−𝑇𝑤 )

𝑑𝑇

𝑑𝑦
𝑎𝑡𝑦 = 0 (12) 

The mass transfer coefficient from the interface to bulk solution along the film flow (13) in terms of Sherwood 

number. 

𝑆 =
𝑚 𝛿

𝐷𝑎𝑏
=

𝑚 ′𝛿

𝐷𝑎𝑏 𝜌(𝜔 𝑖𝑛𝑡 −𝜔𝑠𝑏 )
 (13) 

The total heat transfer coefficient from the interface to cooling water flow can be expressed as (14) [2], [3]. 
1

𝑈
=

1

𝛼𝑖𝑤
+

1

𝛼𝑤
+

𝛿𝑤𝑎𝑙𝑙

𝜆𝑤𝑎𝑙𝑙
 (14) 

 

The physical domain has a complex geometry. Moreover, the film thicness is in micro-size vs the half 

circumference length 0.0157m. This ratio make the domain can not be meshed directly which must be 

transformed from sliding coordinate xy to non-dimentional coordinate εη making the computational domain 

rectangular. 

 

III. Result And Discussion 
The parameters used in this study are presented in Table 1 [10]. Figures 2 to 8 show the dynamic 

characteristics of falling film and the coupled heat and mass transfer phenomenon asNH3 vapor is absorbed in 

order to become a stronger concentratedsolution. 

 

Table 1. Input parameters 
Parameters Values 

Inlet solution temperature Tin 316.15K 

Inlet solution concentration𝜔in 0.295  

Absorber pressure p 2.88bar 

Solution density 880kg/m3 

Dynamic viscosity μ 3.958*10^-4N.s/m2 

Solution flow rate Γ 0.005kg/(m.s) 

Out tube radius Ro  0.005m 

Thermal diffusivity α 6.7*10^-8m2/s 

Mass diffusivity D 4.4*10^-9m2/s 

Wall tube temperatureTwall 303.15K 

Thermal conductivity of solutionkf 0.384W/(m.K) 

 
Fig. 2.Velocity u (m/s) 
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Fig. 3.Velocity v (m/s) 

 

Figure2&3are thethree-dimensional distributionofcircumferential velocity componentuandnormal 

component v. Accordingto dimensionlesscoordinateε, inthe first step, the liquidfilmfallinto the tubesothe 

velocityu=0; butvelocity v very large andnegativebecause itopposites the y-axisdirection. When thefilm 

isformedontube,componentuappearandgrow. At¼tubeu is maximum (umax=0.0504m/s), thendecreaseand 

u=0whenflowingout of the tube. Y-axis, the velocitydistributionof thecomponentu=0at thetubewall, increase 

gradually, andget local maximum atthe liquid-vapor interface. In contrast tou, component vafterget in tube 

wallwill decreasesharply, thenincrease sharplywhen goingout oftube. 

 

 
Fig. 4.Film solution concentration, ω 

 
Fig. 5.Film temperature profile, T (K) 

 

Figure 4 & 5 is the three-dimensional distribution of the concentration (ω), and temperature (T) in the 

solution film domain. The concentration of dilute solution when the solution has not contacted the tube 

assuming without absorption phenomenon sothe concentration equals the inlet concentration.The interface 

temperature is saturated to solution concentration.At tube wall, solution temperature equalswall temperature. 

When absorption phenomenon occurs, the concentration of the liquid-vapor interface increases along ε-axis (x), 

then diffuses into the tube wall along η-axis (y). This absorption generates heat makingliquid-vapor interface 
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temperature increases along ε-axis (x). Due to temperature difference between the interface and tube wall, the 

heat transfer to the wall along axis η (y). 

The average concentration of the film leaves the wall ω = 0.3637; increased 0.0687. The average 

temperature of the film come in the tube is 317.6K (44.5°C), the average temperature of the filmleave tube T = 

304.843K (31.7°C), decreased 12.8°C. The temperature of the liquid-vapor interfacecome in the tube is 332K 

(58°C), the temperature of the liquid-vapor interface leaves the tube is T = 306.5K (33.4°C), decreased 24.7°C. 

Difference temperature between liquid-vapor interfaceleaving the tubeand the tube wall is 3.4°C. 

Input data is in Table 1, the tube wall temperature is 303.15K, average local temperature at the inlet of 

falling film on tube is 332.1 K; changesolution flow rate (Γ): 0,001; 0.005; 0.008; 0.0113; 0.0146; 0.03kg/(m.s). 

Figures 6, 7, 8, 9, 10, 11, 12 and Table 2 show the thickness variation, the average local velocities, the average 

local concentrations, the average local temperatures, the heat transfer coefficient of the film, the total heat 

transfer coefficient, the mass transfer coefficient of the film. 

 

 
Fig. 6. Film thicness, δ (m) 

 
Fig. 7.Average local velocities, ual (m/s) 

 

When the solution flow rate decrease, the film thickness decrease (Figure 6), the circumferential 

velocity u decreases (Figure 7). At a quarter of the tube along flow direction, the film thickness is minimum, the 

film velocity is maximum. 

 
Fig. 8.Average local concentrations, ωal 
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Fig. 9.Average local temperatures, Tal (K) 

 

When the solution flow rate increases, the average local concentrations decreases (Figure 8), the average local 

temperature increases (Figure 9). 

 
Fig. 10.Heat transfer coefficient of the film, αiw (W/m

2 
K) 

 

 
Fig. 11.Total heat transfer coefficient, U (W/m

2 
K) 

 

 
Fig. 12.Mass transfer coefficient of the film, hm (m/s) 
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Figure 10 shows the change of the convective heat transfer coefficient of the film. Figure 11 shows the 

total heat transfer coefficient between the liquid-vapor interface and cooling water flowing in the tube U along 

ε-axis (x). These coefficientsincrease in the first quarter of the tube and decrease in the second quarter of tube 

shows absorption rate decreases as the heat transfer coefficient decreases. Solution flow rate increases, heat 

transfer coefficient increased strongly. 

Figure 12 shows the change of the mass transfer coefficient along ε-axis (x). The mass transfer 

coefficient increase rapidly to the location where the dilute solution has just contact the tube wall; then 

decreased rapidly and fairly flat before leaving the tube wall. When the solution flow rate increases, the mass 

transfer coefficient increase, when increasing of flow rate is sizable Γ = 0.0146kg/(ms) or more, the mass 

transfer increasevery small. 

 

Table 2. Effecting of solution flow rate to heat and mass transfer process 

 

 

 

 

 

 

 

Input data is in Table 1, solution flow rate distribution 0.0146kg/(ms), changes in tube wall temperature 

311.15; 309.15; 307.15; 305.15; 303.15; 301.15K. Figures 13 and 14 represent average local concentrations, the 

average local temperatures. Table 3 shows the film thickness variation, the average local velocities, average 

local concentrations, the average local temperatures, film heat transfer coefficients, total heat transfer 

coefficients, mass transfer coefficients of the film. 

 
Fig. 13.Average local concentrations, ω 

 
Fig. 14.Average local temperatures, T (K) 

 

When the coolant temperature decreases, the average local concentration increases (Figure 13), the average local 

temperature decreases (Figure 14). 
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Γkg/(ms) Γal(out) TalK(out) hiw.10^3W/(m2K) U.10^3W/(m2K) hm.10^-4m/s 

0.001 0.3690 303.9 0.7826 0.6578 0. 1060 

0.005 0.3636 304.8 1.0093 0.8221 0. 1304 

0.008 0.3589 305.7 1.2060 0.9567 0. 1455 

0.0113 0.3543 306.5 1.4010 1.0806 0. 1600 

0.0146 0.3495 307.4 1.6081 1.2068 0. 1683 

0.03 0.3297 311.1 2.5984 1.7169 0. 1816 
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Table 3. Effecting of cooling water temperature to  heat and mass transfer 

 

 

 

 

 

 

 

According to Table 3, the cooing water temperature decreases, the average concentration of the film 

leave the tube increases, the average film temperature leave the tube decreases. Cooling water temperature 

decreases, the heat transfer coefficient of the film and total heat transfer coefficient increase very little; mass 

transfer coefficient increases significantly. 

 

IV. Conclusion 
1. Solution flow rate distribution Γ= 0.005kg/(ms). Velocity component u appear and grow, get maximum at ¼ 

tube (umax= 0.0504m/s) while the velocity component v is smallest and film thickness is minimum δmin= 

0.0096*10^-3malong the flow. The average concentration of the film leaving the tubeω= 0.3637; increased 

0.0687. The average temperature of the film leaving the tube T= 304K (31°C), decreased 12.8
o
C. The the 

liquid-gas interface temperatureleaving the tube T= 306.54K (33.4°C), decreased 25.6
o
C. The difference 

temperature of the liquid-vapor interface leaving the tube and the tube wall temperature is 3.4
o
C. Heat 

transfer coefficient of the filmαiw= 744W/(m
2
K). The total heat transfer coefficient from liquid-vapor 

interface to the cooling waterU= 640W/(m
2
K). The average mass transfer coefficient hm= 1.4699*10^-5m/s 

along the ε- axis (x). 

2. Solution flow rate increases, the average local concentrations of the film decrease (Fig. 8), averagelocal 

temperature increases (Fig. 9); heat transfer coefficient increase strongly, mass transfer coefficient increase. 

When increasing of flow rate is sizable Γ= 0.0146kg/(ms) or more, the mass transfer increase very small, 

according to table 2. 

3. Cooling water temperature decreases, the average concentrationsof the film leave the tube increases, the 

average temperaturesleave the tube decrease. Cooling water temperature decreases, the heat transfer 

coefficientsof the film and overall heat transfer coefficients increase very small; mass transfer coefficients 

increase significantly according to table 3. 
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Twall(K) ωal(out) Tal(K) (in/out) hiw.10^3W/(m2K) U.10^3W/(m2K) hm.10^-4m/s 

311.15 0.3298 321.6/315 1.4409 1.1165 0.1443 

309.15 0.3325 320.6/313.5 1.4823 1.1407 0.1570 

307.15 0.3382 319.6/311.5 1.5283 1.1657 0.1693 

305.15 0.3440 318.6/309.4 1.5703 1.1878 0.1804 

303.15 0.3497 317.6/307.4 1.6070 1.2062 0.1901 

301.15 0.3554 316.6/305.4 1.6424 1.2233 0.1989 


