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This paper presents an extensive review of heat and mass transfer correlations in the framework of sorption machines operating based on the falling film technology, in which ammonia-water and lithium bromide-water are used as the working fluid pairs. Heat and mass transfer correlations (Nu, Sh) as functions of falling liquid film flow regime (Re) are summarized as well as the application range and geometrical configuration. In order to compare the correlations found in the recent and classical literature, graphs were constructed for comparing purposes of those correlations trends within the application range of absorption refrigeration machines.

Edmond Carré developed the first absorption refrigeration machine in 1850 using a water and sulphuric acid (H 2 SO 4 ) mixture as the working fluid pair, requiring a large quantity of this acid to absorb a small quantity of water vapor in order to achieve the refrigeration process. However, in 1859, Ferdinand Carré used the ammonia-water pair as working fluid, because of its properties: stability, low normal boiling point (44 • C), and good ammonia affinity to water [START_REF] Carmo Elvas | Making science cooler: Carré's apparatus[END_REF].

Currently, lithium bromide-water and ammonia-water pairs have been the most common working fluid pairs used in commercial absorption refrigeration cycles (ARC). The former operates in vacuum such as in Edmond Carré's machine, and the second one in a positive pressure such as in Ferdinand Carré 's machine.

An ARC is constituted by two pressure levels as depicted in Fig. [START_REF] Carmo Elvas | Making science cooler: Carré's apparatus[END_REF]; the low pressure level (evaporator and absorber) and the high pressure level (generator and condenser). These two levels are connected by two expansion valves (EV1 and EV2) and one solution pump, in its simplest configuration. The solution pump drives the strong liquid solution from the absorber to the generator in ammonia-water technology (or the weak liquid solution for the lithium bromidewater solution). At the generator, the solution flows over heated surface in the falling film generator, whose function is to separate the refrigerant (ammonia or water vapor) from the liquid solution. Next, the vapor refrigerant is driven to the condenser, rejecting the heat to the environment, Qcon . The condensed refrigerant reaches the evaporator, going through an expansion valve (EV2) reducing the pressure and the temperature by the Joule-Thomson effect to receive the heat load ( Qeva ) by evaporation. Next, the vapor refrigerant enters the absorber at the vapor state, in which it is absorbed by the weak solution (or strong for lithium bromide-water solution). Heat ( Qabs ) is rejected to an external coolant as the absorption process takes place, and then the solution is pumped to the generator closing the cycle.

It is worth mentioning that both the absorber and the generator are the main components of the absorption system because that there is a simultaneous heat and mass transfer process [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF], in which the refrigerant changes phase [START_REF] Fujita | Falling liquid films in absorption machines[END_REF]. In addition, the heat and mass transfer coefficients in those components are characterized by low values [4]. On the other hand, when ARC is compared with a vapor compression cycle (VCC), the former has lower coefficient of performance (COP), particularly if the absorption machine works beyond its design specifications, e.g. the vaporization temperature, or the cooling thermal load, due to a problem of partial evaporation at the evaporator. Additionally, the COP is also sensitive to the heat source temperature in the desorber, the cooling temperature of the evaporator, and flow rate of the strong solution. Therefore, enhancing the heat and mass transfer process leads to a reduction in costs and in the sorption machine size.

A heat transfer review of falling film of single component has been studied by severals researchers. Thome [START_REF] Thome | Falling film evaporation: state-of-the-art review of recent work[END_REF] carried out a review of falling film evaporation on both smooth and enhanced tubes focusing on working fluids as alternative refrigerants including ammonia; he found that the falling film technology provides a higher heat transfer coefficient than flooded evaporators. Killion and Garimella [START_REF] Killion | A critical review of models of coupled heat and mass transfer in falling-film absorption[END_REF] carried out a complete critical review of falling film technology in absorption processes, in which these efforts were focused analyzing the mathematical model that have been used to the simultaneous heat and mass transfer processes. Ribatski and Jacobi [START_REF] Ribatski | Falling-film evaporation on horizontal tubes -A critical review[END_REF] carried out a critical review of falling film evaporation process over horizontal tubes (single and tube bundles), covering hydrodynamic studies and the heat transfer coefficient affected by several operation conditions on smooth and enhanced tubes. They pointed out that the falling film technology presents inconveniences due the liquid film maldistribution and dry-out problems. However, the installation of a wire mesh over the distributor homogenized the liquid flow and guaranteed the total wettability over the first tube [START_REF] Narváez-Romo | Falling film evaporation: a qualitative analysis of the distribuition system[END_REF]. Prost et al. [START_REF] Prost | Determination and correlation of heat transfer coefficients in a falling film evaporator[END_REF] analyzed the heat transfer behavior falling film evaporator under several operation conditions for the food industry. They reported some Nusselt number correlations from the literature. Narváez-Romo and Simões-Moreira [START_REF] Narváez-Romo | Falling Film Evaporation: an Overview[END_REF] carried out a literature review of falling film evaporation, studying the parameters affecting the heat transfer coefficient. Tomforde and Luke [START_REF] Tomforde | Experimental Investigations on Falling-Film Absorbers with Horizontal Tubes a Review[END_REF] carried out a review over falling film absorbers focused to horizontal tubes only, in which lithium bromide-water, and R134a-Dimethylacetamide (DMAC) were the working fluid pair studied.

The falling film technology has widely been studied, existing several works focused on the heat and mass transfer analysis for this technology applied to an ARC. However, we have found an opportunity to emphasize over the agreement between numerical and experimental studies based on the correlations that researchers have been obtained. Therefore, the objective of this paper is to review all the correlations of the heat and mass transfer in falling film technology carried out in sorption processes for the two most common working fluid pairs; ammonia-water and lithium bromide-water. In the first place, a review of the mean definition correlations and the classical hypothesis assumed to compute the heat and mass transfer coefficients are presented. Next sections, the transfer correlations involving ammonia-water solution and lithium bromide-water systems are discussed, in which each one was classified by application (absorption or desorption) and geometry disposal. Additionally, these correlation are summarized in tables by application range and by test rig specifications. Next, others relevant falling film studies are showed, whose working fluid are different to the current study, but these have been used in ARC researches. Finally, the heat and mass transfer mapping of these correlations were carried out in a realistical operational conditions of an ARC for refrigeration (-20 • C) and air-conditioning 7 • C applications.

The study too aims compare the heat and mass transfer correlations, looking for a standard comparison for further studies, due that, currently, there are not a heat transfer correlation for ammonia-water falling film in absorption processes using nanoparticles [START_REF] Abed | The role of enhancement techniques on heat and mass transfer characteristics of shell and tube spray evaporator: a detailed review[END_REF].

Heat and mass transfer using falling films technology in sorption processes

The falling film technology can be used in different applications, such as in ARC. In this technology, there is a large heat transfer contact area between the wall surface and the liquid falling film, enhancing the heat removal for the absorption process case [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF]. However, the whole heat and mass transfer resistance is concentrated in the thin liquid falling film [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF][START_REF] Taylor | Multicomponent mass transfer[END_REF], and that transport process occurs within this film due to steady-state diffusion and heat and mass diffusion [START_REF] Taylor | Multicomponent mass transfer[END_REF]. On the other hand, in the absorption process, the wall temperature (T w ) is lower than the liquid falling film (T l ), removing the heat of absorption ( Qabs ) and absorbing the vapor ( ṁ abs ) into the liquid falling film as shown in Fig.

(2b), i.e., the heat of absorption is released at the liquid-vapor interface only, yielding an increase of the average film temperature (T b ), which diminishes the vapor solubility and, therefore, the absorption rate is strongly controlled by the intensity of heat removal from the liquid falling film to the coolant ( qc ) [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF], while s and S are the inter-tube distances, respectively; T c , T int and T v are the coolant, interface, and vapor temperature, respectively; x b , x int and y are the average concentration of the liquid falling film, the concentration of the liquid falling film at the interface, and the vapor concentration, respectively; 

Heat and mass transfer coefficient calculation

In the falling film technology, the thermal resistance analogy is used to compute the global heat transfer coefficient between the bulk solution and the cooling or heating fluid, U , given by Eq. ( 1),

1 U = 1 h l + D o 2k w ln D i D o + D i D o h conv + f (1)
where h l is the heat transfer coefficient on the film, h conv is the convective heat transfer coefficient associated to the secondary fluid, k w the tube wall thermal conductivity, D o , and D i , the external and internal tube diameter, and f represents the fouling factor resistance (0.0002m 2 • C W -1 [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF] and [START_REF] Jeong | Heat transfer performance of a coiled tube absorber with working fluid of ammonia/water/discussion[END_REF] in ammonia-water pair, or 0.00009m 2 • C W -1 [START_REF] Florides | Design and construction of a libr-water absorption machine[END_REF] in lithium bromide-water pair).

Heat and mass transfer coefficients cannot be directly evaluated from an experimental work. Therefore, they must be computed from measured quantities (e.g. temperature, concentration, liquid density) thanks to the Newton's law of cooling. This relation involves a difference in temperature, which takes into account, the wall temperature (T w ) and the interface temperature (T int ) in most of the cases. However, depending on how viscous sublayers are assumed both near the wall and near the liquid-vapor interface, two partial heat transfer coefficients can be defined (Fig. 2b) [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF]:

• between the bulk liquid (T b ) and the wall (T w ):

h l,w = qc T b -T w (2) 
• between the liquid-vapor interface (T int ) and the bulk liquid (T b ):

h l,int = ṁ abs ∆i abs T int -T b 1 E T (3) 
where, E T represents the Ackermmn's correction factor:

E T = ∆i abs c p ln(1 + c p (T int -T b )/∆i abs ) T int -T b (4)
in which, qc , ṁ abs and i abs represent the transferred heat to the cooling fluid, the absorbed mass flow rate per area and the absorption specific enthalpy, respectively; c p is the specific heat at constant pressure.

Yüksel and Schlünder [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF] employed E T ∼ = 1. Nevertheless, this approximation stands for low values of heat flow through the liquid film, hence assuming a linear profile for the temperature [START_REF] Taylor | Multicomponent mass transfer[END_REF]. Thus, the average heat transfer coefficient reads:

h l = ṁ abs ∆i abs T int -T w (5) 
The mass transfer coefficient (k m ) is defined by Eq. ( 6), while (ρ l ) and P represent the liquid density and the system pressure, respectively.

k m = ṁ abs ρ l ln(1 -x b )/(1 -x int (T int , P )) (6) 
The use of the logarithmic mean difference is one of the most commonly used methods to compute the heat and mass transfer coefficient due to its simplicity [START_REF] Fujita | Heat and mass transfer coefficients of falling-film absorption process[END_REF]. However, Islam [START_REF] Islam | Evaluation of heat and mass transfer coefficients for falling-films on tubular absorbers[END_REF] and Fujita and Hihara [START_REF] Fujita | Heat and mass transfer coefficients of falling-film absorption process[END_REF] show that the logarithmic mean potential occurring in the average heat and mass transfer coefficient definition (Eqs. 7 and 8) presents wide deviations from experimental results. Due to that, the conventional method takes into account two separate processes of heat and mass transfer; the first one is the heat transfer from the liquid falling film to the cooling fluid, and the second is the absorption of refrigerant from the vapor phase to the cooling fluid, causing errors when there is not a non-linear temperature distribution of the liquid falling film in the absorber. However, the cooling fluid temperature distribution along the tube length is nearly linear [START_REF] Islam | Evaluation of heat and mass transfer coefficients for falling-films on tubular absorbers[END_REF].

Therefore, the logarithmic mean difference should be used only for low global heat transfer or under limited conditions [START_REF] Fujita | Heat and mass transfer coefficients of falling-film absorption process[END_REF].

h l = qc L∆T lm [START_REF] Ribatski | Falling-film evaporation on horizontal tubes -A critical review[END_REF] and in the mass transfer coefficient definition:

k m = ṁabs L∆x lm (8) 
where, ∆T lm and ∆x lm are the logarithmic mean temperature and concentration differences (Eqs. 9 and 10), respectively; qc , ṁabs , and L are the heat transferred from the liquid falling film to the cooling fluid, the absorbed mass of the vapor refrigerant into the liquid falling film, and the length of the absorber,

∆T lm = (T l,i -T c,o ) -(T l,o -T c,i ) ln T l,i -Tc,o T l,o -Tc,i (9) 
∆x lm = (x i,eq -x i ) -(x o,eq -x o ) ln xi,eq-xi xo,eq-xo (10) 
where, T l and T c are the liquid falling film temperature and the cooling fluid temperature (both i-inlet and o-outlet), respectively; x eq is the interfacial equilibrium concentration in T l .

Another way to evaluate the heat or mass transfer coefficient is by employing a heat and mass transfer analogy, in which both transport mechanisms are considered merely diffusional through the liquid falling film (e.g. rectification process) and given by Eq. ( 11) [START_REF] Chilton | Mass transfer (absorption) coefficients prediction from data on heat transfer and fluid friction[END_REF], where M m , Sc and P r are the molecular weight, Schmidt number (0.6-2500) and the Prandtl number (0.6-2500), respectively.

h l k m = c p M m Sc P r 2/3 (11) 
Finally, for simultaneous heat and mass transfer processes, Treybal [START_REF] Robert | Mass-transfer operations[END_REF] proposed working with a corrected heat transfer coefficient (h l * ), in which the effect of mass transfer on heat transfer were taken into account (Eqs. 12-13). Note that the effect of mass transfer on heat transfer can improve or deteriorate the heat transfer coefficient depending on both process directions, while ṁi is the mass flow rate for the i th component:A and

B h l * = h l c 1 -e -c (12) 
c = ṁA c p,A + ṁB c p,B h l (13) 
Thus, from an experimental work, the link between measured quantities and a relevant definition for transfer coefficients must be established carefully. Consequently, the resulting correlation has to be compared with other studies, as already done in many previous works (see Tab. 3 and Tab. 6)

Definition of dimensionless numbers, N u, Sh and Re

Nusselt [START_REF] Nusselt | Die oberflachenkondesation des wasserdamffes the surface condensation of water[END_REF] analyzed the isothermal condensation phenomenon on a flat plate for a pure substance, assuming: laminar regime, Newtonian fluid, constant properties, and without inertial forces from the vapor acting at the interface, obtaining a correlation of the average heat transfer coefficient as a function of the acceleration of gravity, g, the Reynolds number, Re, and the fluid properties; dynamic viscosity, µ, density, ρ, and the liquid thermal conductivity k.

h l k µ l gρ l (ρ l -ρ v ) 1/3 = 1.467Re -1/3 (14) 
Neglecting the vapor density (ρ v ), and by the definition of kinematic viscosity (ν = µ/ρ), Eq. ( 15) yields,

N u = h l k ν 2 l g 1/3 = h l L c k = 1.467Re -1/3 (15) 
in which, L c = (ν 2 /g) 1/3 is known as the characteristic length or viscous length scale. However, the Nusselt number (N u δ ) can be expressed (see e.g. [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF],

as a function of the film thickness, δ, given by:

N u δ = h l δ k ( 16 
)
where δ may be used for the Nusselt film thickness, δ N u , in which, Γ represents the mass flow rate per unit length on each tube side, and θ the tube angle from the top or the wettability of the tube.

δ N u = 3µΓ gρ l (ρ l -ρ v ) sin θ 1/3 ∼ = 3νΓ ρ l g sin θ 1/3 (17)
Many correlations are based on Nu (Eq. 15), while others are based on Nu δ (Eq. 16). In order to carry out a comparison between correlations, a common base must be established. Fortunately, both correlations are interchangeable and interconnected by the following correlation:

N u δ = (0.75Re) 1/3 N u (18) 
In the same way, the Sherwood number, Sh, is defined as:

Sh = k m D m ν 2 g 1/3 (19) 
and by

Sh δ = k m δ D m (20) 
Thus, the relations are linked by:

205 Sh δ = (0.75Re) 1/3 Sh (21)
Analogously, the Reynolds number involves the hydraulic diameter, D h as the typical length:

Re = ρV D h µ = 4ρV δW µW = 4 ṁ µW = 4Γ µ (22) 
or the typical length can be taken as the film thickness, δ (see e.g. [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF][START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF][START_REF] Nosoko | Characteristics of falling film flow on completely wetted horizontal tubes and the associated gas absorption[END_REF])

Re δ = ρV δ µ W W = ṁ µW = Γ µ (23) 
Thus, the relation between these two correlations for the Reynolds number reads:

210 Re = 4Re δ (24) 
where, V represents the average fluid velocity, W the width or depth, ṁ the mass flow rate. The ratio Γ = ṁ/P wet between the mass flow and the wet perimeter, is summarized in Table 1, 

Γ, [kgm -1 s -1 ] Geometry ṁ 2W
Horizontal tube or flat plate (both sides wet)

ṁ W
Flat plate (one side wet)

ṁ πD
Vertical tube

Classical hypothesis

In order to establish correlations for heat and mass transfer coefficient in sorption processes involving the falling film technology, standard hypotheses are assumed, such as steady-state, incompressible fluid, Newtonian fluid, thermodynamic equilibrium at the liquid-vapor interface, thermal physical properties are constant, non-condensable gases in mixture, and no chemical reactions. However, some additional specific assumptions are commonly encountered in the literature:

• Fluid flow assumptions -Laminar flow regime [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF]4,[START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF][START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF][START_REF] Nosoko | Characteristics of falling film flow on completely wetted horizontal tubes and the associated gas absorption[END_REF][START_REF] Ferreira | Heat and mass transfer in vertical tubular bubble absorbers for ammonia-water absorption refrigeration systems[END_REF][START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF][START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF][START_REF] Takamatsu | Vapor absorption by LiBr aqueous solution in vertical smooth tubes[END_REF][START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF][START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF][START_REF] Kim | Flow patterns and heat and mass transfer coefficients of low Reynolds number falling film flows on vertical plates: Effects of a wire screen and an additive[END_REF][START_REF] Cerezo | Experimental study of an ammoniawater bubble absorber using a plate heat exchanger for absorption refrigeration machines[END_REF][START_REF] Shi | Study on falling film generation heat transfer of lithium bromide solution in vertical tubes[END_REF][START_REF] Shi | Heat transfer performance of lithium bromide solution in falling film generator[END_REF][START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF][START_REF] Lee | Development of techniques for in-situ measurement of heat and mass transfer in ammonia-water absorption systems[END_REF] -Turbulent flow regime [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF] -No wave generation at the liquid-vapor interface or smooth falling film. (Waves -known as wavy laminar-improve the heat and mass transfer in the liquid falling film due the transport process. The capillary effects are significant in low Reynolds numbers (Re ≤ 200), and the inertial effects are relevant in higher Reynolds number (Re ≥ 200) [START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF]. However, a complete analysis of the simultaneous heat and mass transfer integrated to wave generation onto the interface is complex) [4, [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Shi | Study on falling film generation heat transfer of lithium bromide solution in vertical tubes[END_REF][START_REF] Shi | Heat transfer performance of lithium bromide solution in falling film generator[END_REF][START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF] -Wavy flow [START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF] -No interfacial shear or stagnated vapor at constant pressure [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF]4,[START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF][START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF][START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF] -Shear stress acting at the interface [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF][START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF] -Wall friction term is negligible [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF][START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF][START_REF] Ferreira | Heat and mass transfer in vertical tubular bubble absorbers for ammonia-water absorption refrigeration systems[END_REF] -Vapor and liquid flows are homogeneous [START_REF] Ferreira | Heat and mass transfer in vertical tubular bubble absorbers for ammonia-water absorption refrigeration systems[END_REF] -No viscous dissipation (in low Reynolds number, this implies low flow velocities and, therefore, viscous dissipation can be neglected) [START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF] -No pressure or velocity gradient in the main flow direction [4, [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF] -Transport governed by the convective-diffusion [START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF] -2-D Model [START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF] • Thermal transfer assumptions -No nucleate flow boiling regime [START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Shi | Study on falling film generation heat transfer of lithium bromide solution in vertical tubes[END_REF][START_REF] Shi | Heat transfer performance of lithium bromide solution in falling film generator[END_REF][START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF] -No heat transfer at the vapor phase [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF][START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF][START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF][START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF][START_REF] Lee | Development of techniques for in-situ measurement of heat and mass transfer in ammonia-water absorption systems[END_REF] -Thermal resistance of tube wall is negligible [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Shi | Study on falling film generation heat transfer of lithium bromide solution in vertical tubes[END_REF][START_REF] Shi | Heat transfer performance of lithium bromide solution in falling film generator[END_REF][START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF] -Heat and mass transfer coefficients constants along the absorber tube [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF][START_REF] Ferreira | Heat and mass transfer in vertical tubular bubble absorbers for ammonia-water absorption refrigeration systems[END_REF] -Vapor pressure driving equal to 0 at the inlet. No thermal entrance effects [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF][START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF]. In contrast, Nakoryakov et al. [START_REF] Nakoryakov | Heat and mass transfer in the entrance region of the falling film: Absorption, desorption, condensation and evaporation[END_REF] carried out an analysis of these effects in absorption/desorption processes, or Cerro and Whitaker [START_REF] Cerro | Entrance region flows with a free surface: the falling liquid film[END_REF] for general transport processes -Cross-streamwise diffusion. No diffusion in the flow direction [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF][START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF][START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF][START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF][START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF][START_REF] Shi | Study on falling film generation heat transfer of lithium bromide solution in vertical tubes[END_REF] -Wall temperature along the tube length changes in a linear fashion [START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF] -Constant wall tube temperature [START_REF] Nosoko | Characteristics of falling film flow on completely wetted horizontal tubes and the associated gas absorption[END_REF][START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF] -No isothermal absorption [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF], [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF] -Saturation temperature in the inlet condition [START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF][START_REF] Kim | Flow patterns and heat and mass transfer coefficients of low Reynolds number falling film flows on vertical plates: Effects of a wire screen and an additive[END_REF][START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF] -Subcooling temperature in the inlet condition [START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF][START_REF] Kim | Flow patterns and heat and mass transfer coefficients of low Reynolds number falling film flows on vertical plates: Effects of a wire screen and an additive[END_REF][START_REF] Peng | Experimental investigation of heat transfer in flat plates with rectangular microchannels[END_REF] 3. Transfer correlations involving ammonia-water solution ARC driven by ammonia-water pair can be used in applications of temperature ranging from subzero Celsius degree owing to the ammonia thermodynamic properties. Most studies on transfer correlations in literature focus on the absorber.

Absorber

The most frequent devices involving falling film are horizontal tubes, vertical plate surfaces and helical coil tubes.

Horizontal tubes

Bohra [START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF] carried out an experimental study on an ammonia-water ARC using the falling film technology, in which 24 tubes (4x6) of 0.0095m OD and 0.29m length were used. Flow patterns and the transport process were analyzed in his test bench, segmenting the absorber into six distinct parts. The lowest tubes of the array (where the cooling fluid enters in counter-current configuration) obtained higher ammonia absorption rates, similarly to Lee [START_REF] Lee | Development of techniques for in-situ measurement of heat and mass transfer in ammonia-water absorption systems[END_REF] and Lee [START_REF] Lee | Experimental analysis of bubble mode in a plate-type absorber[END_REF].

In addition, the increase of the solution mass flow rate promoted an upgrade of the heat transfer coefficient because the liquid falling film reached a higher wettability on the tube wall. On the other hand, the heat transfer coefficient decreased as the absorber pressure (P abs ) and the weak solution concentration The following correlations represent the heat and mass transfer experimentally obtained by Bohra [START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF],

Nusselt number in the segmented liquid falling film, N u seg,δ N u seg,δ = 7.589 × 10 -3 Re 1.04 P r 0.45 P abs 345

-0.145 (25) 
Sherwood number in the segmented liquid falling film, Sh seg,δ

Sh seg,δ = 1.298 × 10 -4 Re 0.57 Sc 1.32 P abs 345

0.644 (26) 
Lee [START_REF] Lee | Development of techniques for in-situ measurement of heat and mass transfer in ammonia-water absorption systems[END_REF] studied the absorption process in the same test rig as Bohra [START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF],

focusing on the analysis of the overall absorption process, in which both the vapor and the liquid phase correlations were obtained.

Nusselt number in the liquid falling film, N u δ N u δ = 3.22 × 10 -3 Re 0.945 P r 0.743 P abs 345

-0.269 (27) 
Sherwood number in the vapor phase,

Sh v Sh v = 2.708 × 10 -11 Gr v Sc v Ja v 1.256 P r l Sc l -1.681 µ l -µ v µ v 1.426 (28) 
while Gr and Ja are the Grashof number and the Jakob number, respectively.

Sherwood number in liquid falling film, Sh δ Sh δ = 7.437 × 10 -4 Re 0.397 Sc 1.04 P abs 345

0.8841 (29) 
where, P abs is given in [kPa]. Next, Lee et al. [START_REF] Lee | Measurement of absorption rates in horizontal-tube falling-film ammonia-water absorbers[END_REF] carried out an study focused to the absorption rates over horizontal falling film absorbers, using the same test rig and covering the influence of the operational effects over the heat and mass transfer rates. In addition, they compared their results with Wilke [START_REF] Wilke | heat transfer to falling liquid films) warmeubertragung an rieselfilme[END_REF],

Hu and Jacobi [START_REF] Hu | The intertube falling film: Part 2mode effects on sensible heat transfer to a falling liquid film[END_REF], Kwon and Jeong [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF], and Meacham and Garimella [START_REF] Meacham | Ammonia-water absorption heat and mass transfer in microchannel absorbers with visual confirmation[END_REF].

Daguenet-Frick et al. [START_REF] Daguenet-Frick | Seasonal thermochemical energy storage: Comparison of the experimental results with the modelling of the falling film tube bundle heat and mass exchanger unit[END_REF] used this work to compare the heat transfer coefficient in water vapor absorption in aqueous sodium hydroxide process. However, the Reynolds number was not over the validation range [START_REF] Lee | Measurement of absorption rates in horizontal-tube falling-film ammonia-water absorbers[END_REF] 3.1. 

l Re 0.1759 v T v -T l T l 1.8790 i x v -x l x l -0.5756 i ( 30 
)
Sherwood number in the liquid falling film, Sh

Sh = 6.996 × 10 -6 Re 0.8874 l Re 1.265 v T v -T l T l 0.8844 i x v -x l x l 0.5304 i (31) 
Lee et al. [START_REF] Lee | Comparison of heat and mass transfer in falling film and bubble absorbers of ammonia water[END_REF] compared the performance of falling film and bubble absorbers for the same operation conditions. Bubble absorbers reached a better performance than falling film for low liquid Reynolds numbers and high vapor Reynolds numbers because there was a partial wettability of the tube in the falling film technology [4]. However, the bubble mode may transfer less heat to the cooling fluid than the falling film for a high liquid solution and low ammonia vapor, resulting in a higher heat generation than of the falling film.

Nusselt number in the liquid falling film, Nu

N u = 0.01369Re 0.5103 l Re 0.02461 v T v -T l T l 0.2977 i x v -x l x l 0.1438 i ( 32 
)
Sherwood number in the liquid falling film, Sh

Sh = 658.46Re 0.0195 l Re 0.9571 v x v -x l x l -0.0639 i (33)

Helical coil

The helical geometry may be an alternative to obtain a more compact machine because the heat transfer area per unit volume increases. Jeong et al.

[15] experimentally investigated the performance of the heat transfer coefficient without mass transport in a coiled tube absorber for various operation conditions such as (a) solution flow rate ( ṁws ), which was up to 0.06kg s -1 , (b) ammonia vapor ( ṁv ) ranged from 0.00009 to 0.00042 kg s -1 , and (c) inlet concentration (x l ) between 1.2 to 2.2 %. The tests were carried out with and without the ammonia absorption process, using a counter-flow absorption in which density (ρ l ), temperature (T ), and pressure (P ) were used to find the ammonia concentration.

The heat transfer coefficient (h l ) was enhanced when the solution flow rate ( ṁl ) increased (for both with and without absorption process). However, the heat transfer coefficient (h l ) associated with the absorption process was lower than the heat transfer obtained for pure water at the same mass flow rate because the ammonia vapor feeding in a counter-flow to the falling film caused an uneven distribution or a stagnation of the liquid falling film [START_REF] Jeong | Heat transfer performance of a coiled tube absorber with working fluid of ammonia/water/discussion[END_REF]. Nevertheless, the mass transfer (k m ) behavior was not studied on the test rig. Finally, the Nusselt number as a function only of the Reynolds number was proposed for ammonia-water

N u = 0.00022Re 50 ≤ Re ≤ 300 (34) 
Kwon and Jeong [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF] experimentally analyzed the effect of the vapor flow direction over the heat transfer coefficient (h l ) for the absorption process at three different concentrations (3, 14, and 30 %) in a helical coil configuration.

The effect of the mass flow rate ( ṁl ) and the temperature of the weak liquid solution (T ws ) were investigated in the laminar regime (Re=10-250). A 0.6m tube length and 0.0127m OD was manufactured as a helical coil heat exchanger at 0.0827m and 0.08m of an average diameter of a coil (#30) and the header height, respectively. For the balance equations of the absorption process, the heat transferred from the absorber to the cooling fluid circuit was expressed for both absorption processes (heat latent transfer) and change in the solution temperature (sensible heat transfer). The effects of vapor flow over the heat transfer coefficient (h l ) were prominent when there was a counter-flow absorption and a low ammonia concentration (3%) because, in small concentrations, the vapor has high specific volume. Moreover, the liquid falling film flow pattern may be affected by a high velocity of the vapor flow. The Nusselt number was higher in the co-current absorption than in the counter-flow absorption. However, at a higher ammonia concentration (30%), the behavior of the Nusselt number was similar for both co-current and counter-flow absorption processes. In addition, the increase in the liquid solution mass flow rate improved the heat transfer coefficient. On the other hand, the effect of the weak liquid solution temperature over the heat transfer was negligible when it was compared with other operational parameters.

The Nusselt number for the liquid falling film for co-current absorption is given by Eq. [START_REF] Shi | Heat transfer performance of lithium bromide solution in falling film generator[END_REF], where τ * v is a non-dimensional shear stress detailed by Kwon and Jeong [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF]. 

Generator using horizontal tubes

Zavaleta and Simões-Moreira [START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF] analyzed a falling film generator (distiller) to optimize the concentration (y) and the mass flow rate of distilled ( ṁy ) when the ammonia vapor is separated from the ammonia-water solution, researching some mean parameters such as strong solution concentration (x ss ), strong solution mass flow rate( ṁss ), rectifier temperature (T rect ), wall temperature (T w ) and strong solution temperature of inlet (T ss ). A horizontal tube bundle geometry was used as a generator and rectifier, analyzing the hydraulic behavior of the liquid film and the distillation degree of purity. In the first one, a total wettability on the tubes was reached due to the small intertube distance, (S -D = 2 mm), homogeneous liquid distribution, and a superficial treatment by sand blasting over the wall tube.

A distilled ammonia concentration (y) up to 99.74% was obtained for an ammonia-water concentration of x ss = 49%. In addition, the purity of distilled ammonia (y) was enhanced when the strong solution mass flow ( ṁss ) and the strong solution concentration (x ss ) were increased, or when the average rectifier temperature (T rect ), wall temperature (T w ) in the generator, and the strong solution temperature (T ss ) were reduced. The experimental work was carried out for a strong solution mass flow of 0.0160 to 0.0276 kg s -1 equivalent to Reynolds numbers of 108 to 246. They employed two ammonia concentrations (0.37 and 0.49). The concentration of ammonia distilled (y) was increased, and the distilled mass flow rate ( ṁy ) was diminished with the increase of the mass flow rate ( ṁss ) when the wall temperature and the rectifier temperature were kept constant, because the heat transfer coefficient diminishes due to the thickening of the liquid film, increasing the thermal resistance throughout the liquid film. According to the rectifier temperature, higher ammonia distilled concentration was obtained at the cooler temperatures since it rejected more water of the wet ammonia vapor [START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF].

Regarding the wall temperature (T w ), the distilled mass flow ( ṁy ) improved for the highest wall temperature (T w ) in the generator, however, the distilled concentration diminished (y), because a higher wall temperature promoted the evaporation of more wet vapor [START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF]. The following correlation was derived for the heat transfer on the liquid film: N u = 0.75Re -0.27 P r 0.4 (37)

Summary of transfer correlations

In this section, the correlations presented previously are summarized: in Tab.

2, the application range of the correlations related to ammonia-water solution is summarized. Most of the correlations are devoted to the absorption machine.

To 

Transfer correlations involving lithium bromide-water solution

The sorption machine using lithium bromide solution works both at low pressure (around 1 kP a) where the Li -Br solution absorbers the water vapor, and at high pressure (around 10 kP a) where the desorption process occurs.

Although the absorber constitutes the critical device in the machine, many studies have also focused on the generator.

Generator

The main devices used for generators involving lithium-bromide pair are vertical tubes and horizontal tubes. Hu and Jacobi [START_REF] Hu | The intertube falling film: Part 1flow characteristics, mode transitions, and hysteresis[END_REF], Wilke [START_REF] Wilke | heat transfer to falling liquid films) warmeubertragung an rieselfilme[END_REF],Chun and Seban [START_REF] Chun | Heat transfer to evaporating liquid films[END_REF] Mitrovic [START_REF] Mitrovic | Influence of tube spacing and flow rate on heat transfer from a horizontal tube to a falling liquid film[END_REF], Owens [START_REF] Owens | Correlation of thin film evaporation heat transfer coefficients for horizontal tubes[END_REF], Fujita [START_REF] Fujita | Experimental investigation of falling film evaporation on horizontal tubes[END_REF] Generator-Rectifier Heating by thermal oil-Generator Water cooling-Rectifier Ammonia water. A 100% surface wettability was achieved for Re above 100 up to nearly 250 Properties by EES and Conde [START_REF] Conde | Thermo-physical properties of {NH3+H2O} mixtures for industrial design of absorption refrigeration equipment[END_REF] in the liquid film, changes in film thickness, and pool boiling by superheating (only by the evaporation on the interface) were neglected. In addition, the performance of the flooded generator and the falling film evaporator were compared 500. The heat transfer behavior was the opposite when the volume flow was incremented because there was a regime transition from the laminar to the turbulent regime.

According to the numerical and experimental analysis, both results of the heat transfer coefficient were compared, having the heat transfer coefficient underestimated by the numerical study due to the simplified hypotheses previously mentioned. Finally, the falling film evaporator had the best performance of the heat transfer coefficient for heat flux lower than 12.000W m -2 as compared with the flooded generator.

Heat transfer coefficient (±19% maximum deviation) for the liquid-phase According to the inlet concentration of lithium bromide solution, the change in this parameter promoted the variation in the thermophysical properties, meaning the increases of the viscosity and the surface tension when the concentration was increased, diminishing the inertial flow effects, and thus, the convection heat transfer decrease on the solution side. On the other hand, the increase of the heat flux may have modified the heat transfer mechanism from the evaporation process given at the interface to the evaporation process accompanied by nucleate boiling, which implied increase of the heat transfer coefficient, as usual. However, Shi et al. [START_REF] Shi | Heat transfer performance of lithium bromide solution in falling film generator[END_REF] did not study these phenomena in an independent fashion. Finally, the heat transfer coefficient in the falling film technology reached higher performance (up to 4 times) than flooded tube generator, making the design of a desorption equipment more compact.

Heat transfer coefficient for the liquid-phase h l = 129.7712x i -0.8058 q 0,2422 w Re -0.0856 l [START_REF] Cerro | Entrance region flows with a free surface: the falling liquid film[END_REF] where, x i is the weak solution concentration at the inlet condition and q w is the heat transferred by the wall.

Horizontal tubes

Jani et al. [START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF] According to the results, the Nu number increased as the Re l number also increased, but seemed to be unaffected by the Sc l number. The Sh number grew linearly with the Re l number but remained proportionally inverse to the tube diameter. An increase of the generator pressure (or saturation temperature) and/or a reduction of the inlet concentration improved the heat transfer coefficient due to the thinning of the falling film by a decrease of the viscosity.

Absorber

Most of the works devoted to absorbers using lithium bromide-water solution are focused on vertical flat plate and horizontal tubes.

Flat plate

Kim and Ferreira [START_REF] Kim | Flow patterns and heat and mass transfer coefficients of low Reynolds number falling film flows on vertical plates: Effects of a wire screen and an additive[END_REF] studied the heat and mass transfer coefficients enhancement, for vertical plate absorber, thanks to the presence of wire screen, when the Re l number is varying (from 40 to 110). In their investigation, four different liquid films are used: pure water and a 50% Li -Br solution, with or without 100 ppm of 2-ethyl-1-hexanol (2-EH) as additive. The experimental setup uses a flat copper plate that may be covered by a wire screen. For the whole 39 data set obtained, the range used for pressure was from 0.7 to 2.9kP a.

The mass flow rate at the inlet varied from 0.6 × 10 -3 to 7.7 × 10 -3 kg s -1 .

The resulting correlations are given by Nusselt number for the liquid phase

N u = a × Re b l P r 0.5 l ( 44 
)
Sherwood number for the liquid phase

Sh = c × Re d l Sc 0.5 l ( 45 
)
where, for 4 configurations (over the 10 performed), the coefficients are presented in Table 4.

The global result shows that the presence of the wire screen tends to decrease both heat and mass transfer coefficients of Li -Br solution when mixed with Li -Br solution, in comparison with the bare surface. Yet the reciprocal occurs when 2-EH is added: the screen tends to reduce the heat transfer. For the mass transfer, the Sh number remains higher when the solution is water-cooled than for the adiabatic case. In the former configuration, the presence of the wire screen tends to weaken the mass diffusion when the 2-EH additive is used. The wire screen produces the converse effect (increasing the mass diffusion) for solutions without additive. The presence of the wire screen seems not to produce any significant effect on the Sh number for other configurations.

However, the authors highlight that their analysis does not take into account incomplete wetting. Moreover, an error analysis yielding a possible error to heat transfer coefficient estimation of ±20%, in case of water-cooled absorption.

Karami and Farhanieh [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF] carried out a numerical study of the simultaneous heat and mass transfer phenomenon in the absorption process in a vertical plate using the lithium bromide-water as the working fluid, analyzing (a) the effects of the solution mass flow (Re = 5 -150), (b) inlet cooling temperature, and (c) the inlet solution concentration. A fully implicit finite-difference method was used to solve the one-dimensional mass, energy and momentum equations, analyzing the grid size effects and then employed the 800 × 160 mesh, and the mass flux value as convergence criteria (10 -6 ).

The temperature distribution across the film thickness was assumed to be linear due to the dominating heat only conduction effect, in which the lowest temperature profile was obtained in the last section of the absorber. The mass transfer rate reached a maximum value of 5.1799×10 

N u δ = A • Re B l P r 0.334 l (48) 
Sherwood number for the liquid phase

Sh δ = C • Re D l Sc 0.334 l ( 49 
)
Table 6: Summary of configuration studies on sorption process using lithium bromide

Other works devoted to transfer coefficient study

Some other works focus on establishing a formula for heat transfer coefficient.

These works may involve the specific geometric length (whose influence has been suggested in the previous graphs), or the study is simply dedicated to fluid couples other than ammonia-water or lithium bromide-water.

Works using lithium bromide-water couple

Yüksel and Schlünder [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF] carried out an experimental study of a non isothermal absorption in liquid films for the laminar and turbulent regime, in which the local and the average heat and mass transfer coefficients were analyzed. A vertical tube with variable length (0 -2.5m) and the counter-current absorption was configured. There was not any mass transfer resistance in the vapor phase and the film surface temperature was measured by infra-red pyrometer (±0.3K).Two partial heat transfer coefficients were defined, being (a) from the film surface to the bulk, and (b) from the bulk to the vapor-liquid interface.

For the former, the wall temperature and the bulk temperature were taken into account, and for the second, the bulk temperature and the interface were taken into account (Eqs. 2 and 3). The average heat and mass transfer were given by, hl = ṁ abs ∆i abs

T int -T w (57) km 
= ṁ abs πD ρl L 0 ln( 1-x b (L)) 1-xint(L) ) (58) 
For the turbulent regime, it was assumed that the interface temperature has the same value as the bulk temperature, and the turbulence is damped in the vicinity of the vapor-liquid interface due to surface tension effects; thus, at the interface, the heat, mass and momentum transfer were only possible by molecular transfer, making possible to use an analogy between the temperature and concentration profile (Nu/Sh) as follows [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF];

( 1 -x b 1 -x int (T int , P ) ) c p,water c p,l Le 1-n = c p,water ∆i abs T int -T b + 1 (59) 
The n values are between 0.4 to 0.5 for isothermal falling film absorption.

They found that assuming the same value for the bulk and the interface temperatures led to low Sherwood numbers. However, their results of mass transfer obtained by interface temperature measurements agreed well with the calculated by N u/Sh analogy. In addition, for the Reynolds number in the 100 -500 range, the mass transfer is highly sensitive to the vapor phase velocity because it amplified the shear stress over the interface. The turbulent regime is less dependent on this condition because the mass transport is severe in the turbulence [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF]. According to the Nusselt number, the N u/Sh analogy agrees with that computed by interface temperature measurements, but when it take into account the assumption of the same temperature between bulk and interface, it overestimates the Nusselt number.

Yüksel and Schlünder [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF] carried out a mathematical modeling of turbulent According to the profile of the eddy transport coefficients, it investigated several proposals, but it was found that most of the authors employed the van Driest [START_REF] Van-Driest | On Turbulent Flow Near a Wall[END_REF] equation for calculating the eddy viscosity profile near the wall tube. However, near the interface, the authors supposed damped turbulence, in which the mass transport takes place only near the interface [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films Part II: Theoretical description and numerical calculation of turbulent falling film heat and mass transfer[END_REF].

Regarding to the Nusselt number, the numerical results that were computed using various eddy transport coefficients were higher than the experimental results in Yüksel and Schlünder [START_REF] Yüksel | Heat and mass transfer in non-isothermal absorption of gases in falling liquid films[END_REF], however, the numerical mass transfer coefficient agreed well with the experimental study because the assumption of the turbulence model that considered the damping effect (near the wall and near the interface) was suitable. In addition, they suggested a new dimensionless group to describe the effect of the thermophysical properties in the Nusselt number.

Patnaik and Perez-Blanco [START_REF] Patnaik | A Study of Absorption Enhancement by Wavy Film Flows[END_REF] the absorption process started after the thermal boundary layer on the cooled wall reaching the vapor-liquid interface, and for the subcooled condition, the absorption process began in the inlet of the absorber. The higher absorption process was given at the first 400mm (15 -50%) when compared with the last 800mm section, explained due to the wettability problems, such as the breaking film. This allows concluding that the absorption process was deeply influenced by the tube length [START_REF] Takamatsu | Vapor absorption by LiBr aqueous solution in vertical smooth tubes[END_REF].

N u = δRe l P r l (T i -T o ) + x i -x o x o i abs c p,l (4L∆T lm ) -1 (60) 
Sh = δRe l Sc l ((x i -x o )) (4Lx o ∆x lm ) -1 (61) 

Works involving falling film technology

Nosoko et al. [START_REF] Nosoko | Characteristics of falling film flow on completely wetted horizontal tubes and the associated gas absorption[END_REF] carried out an experimental study of oxygen gas absorption in falling water films over horizontal tubes in the laminar regime (10 -150).

There was a complete tube wettability without additives, using copper tubes and a capillary tube of distribution. It tested various tube spacings (2, 5, 10 and 15mm) and flow rates, in which an isothermal film was assumed due to the low heat of absorption of the oxygen. The logarithmic mean concentration difference and the equilibrium condition at the interface were used to calculate the mass transfer coefficient, in which all the tests were developed in atmospheric pressure, and the temperature ranged between 18 -23 • C.

It was concluded that the droplet flow promotes more increase of the mass transfer than the sheet droplet because it penetrates the film depth, enhancing the mass transfer coefficient at the wall-film interface, and the mass transfer could improve up to 45%, on the Reynolds number 30 -150. On the other hand, the Sherwood number improved when the tube spacing increased from 2 to 5mm, and it was kept constant for higher tube spacing, such as higher than 10 [25]. The following correlations were obtained:

Sh = 0.03777Re 0.86 l Sc 0.5 l (62) 
NH3 Goel and Goswami [START_REF] Goel | A compact falling film absorber[END_REF] [73] used the Wilke correlation [START_REF] Wilke | heat transfer to falling liquid films) warmeubertragung an rieselfilme[END_REF] to compute the heat transfer cofficient for the laminar flow regime, in which Wilke [START_REF] Wilke | heat transfer to falling liquid films) warmeubertragung an rieselfilme[END_REF] studied the falling film heat transfer, and Kandlikar [START_REF] Kandlikar | Handbook of phase change: boiling and condensation[END_REF] showed the next follows,

For Re ≤ 2460P r -0.646 N u = 1.92Re -1/3 (63) 
For 2460P r -0.646 ≤ Re ≤ 1600 N u = 0.0323Re 1/5 P r 0.344

Cerezo et al. [START_REF] Cerezo | Experimental study of an ammoniawater bubble absorber using a plate heat exchanger for absorption refrigeration machines[END_REF] studied the absorption process using a corrugated plated heat exchanger with three channels (effective surface area of 0.1m 2 ), evaluating the mean parameters that affect the absorption performance. Tests were ranged for absorption rate flux from 0.0025 to 0.0063kg m -2 s -1 , solution heat transfer coefficient from 2700 to 5400 W m -2 • C -1 , and an absorber thermal load from 0.5 to 1.3kW . The heat transfer coefficient increased almost linearly when the solution flow rate increased due to the turbulent effect over the thermal layer on the surface (a reduction). On the other hand, the Reynolds number changes did not affect the mass absorption rate flux when the inlet concentration was 33%.

Moreover, a smaller concentration (between 29% and 33%) presented higher mass absorption rate flux for the same Reynolds number (Re = 290), being an opposite behavior to the driving force definition. In addition, the heat transfer coefficient decreased when the cooling water temperature decreased. Finally, the highest heat transfer rate and mass absorption rate flux were reached for higher values of absorption pressure.

Next, an analysis of the heat and mass transfer behavior was carried out, in which all the previous correlations (Nusselt and Sherwood numbers) were evaluated and compared each other based on modeling and simulation of an ARC, obtaining a possible heat and mass transfer mapping for refrigeration and air-conditions applications.

6. Heat and mass transfer mapping for refrigeration and air-conditioning applications Ammonia-water (N H 3 -H 2 O) and lithium bromide-water (LiBr -H 2 O)

ARC have been simulated to find the typical operational conditions, in which the mass and energy equations, thermophysical properties of mixtures and mean operational parameters were implemented through the Engineering Equations Solver -EES). Therefore, for these conditions, the heat and mass transfer correlations were evaluated as is showed in Fig. ṁ3 + ṁ2 = ṁ1 + ṁ4 (87) atures (T con = 40 • C and T con = 30 • C), and two generation temperatures (T gen = 100 • C and T gen = 110 • C), aiming to achieve typical operation conditions. All the simulation results are showed in Table [START_REF] Ribatski | Falling-film evaporation on horizontal tubes -A critical review[END_REF], in which eight operation conditions were evaluated and showed at the first. The second, third and forth columns show the condensation temperature (T con ), evaporation temperature (T eva ) and generation temperature T gen , respectively; while, COP, P abs and P gen are the coefficient of performance, absorption pressure and generation pressure, respectively; Next, x ss , x ws are the strong and weak solution, respectively. Finally, the last two columns show the Prandtl number (Pr) and Schmidt number (Sc) for the absorption conditions.

Qgen = ṁ2 i 2 + ṁ3 i 3 -ṁ1 i 1 -ṁ4 i 4 (88) ṁ3 x 3 + ṁ2 x 2 = ṁ1 x 1 + ṁ4 x 4 (89) ṁ11 + ṁ8 = ṁ9 (90) 

Lithium bromide-water ARC

For lithium bromide-water working fluid, the operation conditions were also defined by the same previous analysis. The results are showed in Fig. [START_REF] Killion | A critical review of models of coupled heat and mass transfer in falling-film absorption[END_REF], in which the lithium bromide concentrations were defined at the design specifications using the crystallization limit to define the weak solution concentration.

The generator temperature was declared as a function of the weak and strong liquid concentration, turning out as a dependent variable. Evaporation temperature was only evaluated at 7 • C due to refrigerant properties (water). Therefore, this technology is widely used in air conditioning applications. All the results are showed in Tab. (??), in which two operation conditions were evaluated and showed in the first column, the second and third columns show the condensa-tion temperature (T con ) and evaporation temperature (T eva ), respectively; while al. [START_REF] Jeong | Heat transfer performance of a coiled tube absorber with working fluid of ammonia/water/discussion[END_REF], Kwong and Jeong [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF], Lee [START_REF] Lee | Development of techniques for in-situ measurement of heat and mass transfer in ammonia-water absorption systems[END_REF] and Hu and Jacobi [START_REF] Hu | The intertube falling film: Part 1flow characteristics, mode transitions, and hysteresis[END_REF], in which all the correlations have a good agreement. Therefore, Fig. [START_REF] Narváez-Romo | Falling film evaporation: a qualitative analysis of the distribuition system[END_REF] shows that the Nusselt number may be vary between 0.001 and 0, 2 for the Reynolds number ranged from 10 to 250 (with an exception of Bohra [START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF]). It is worthwhile to mention that the best performance of the heat transfer is achieved at the lowest evaporation temperature (T eva = -20 • C) for all the correlations. in which the correlations display different behavior for the same operational conditions, i.e., Karami and Farhanieh [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF] and Karami and Farhanieh [START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF] show a strong dependence of the Sherwood number as the Reynolds number changes, enhancing the mass transfer as the Reynolds number increases. In contrast, Kim and Ferreira [START_REF] Kim | Flow patterns and heat and mass transfer coefficients of low Reynolds number falling film flows on vertical plates: Effects of a wire screen and an additive[END_REF] show that the increase of the Reynolds number diminishes the Sherwood number. It is worthwhile to mention that the Kim and Ferreira [START_REF] Kim | Flow patterns and heat and mass transfer coefficients of low Reynolds number falling film flows on vertical plates: Effects of a wire screen and an additive[END_REF] correlations were experimentally obtained. On the other hand, Babadi and Farhanieh [START_REF] Babadi | Characteristics of heat and mass transfer in vapor absorption of falling film flow on a horizontal tube[END_REF] underestimates the Sherwood number as compared with Kim and Ferreira [START_REF] Kim | Flow patterns and heat and mass transfer coefficients of low Reynolds number falling film flows on vertical plates: Effects of a wire screen and an additive[END_REF], Karami and Farhanieh [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF] and Karami and Farhanieh [START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF]. Fig. [START_REF] Narváez-Romo | Falling Film Evaporation: an Overview[END_REF] shows the behavior of the Nusselt number as a function of the Reynolds number, in which the heat transfer improves as the Reynolds number increases.

Nevertheless, the correlations of Babadi and Farhanieh [START_REF] Babadi | Characteristics of heat and mass transfer in vapor absorption of falling film flow on a horizontal tube[END_REF], and Karami and Farhanieh [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF] shows an opposite behavior. 
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  Figure 1: ARC Diagram

  Fig. (2b) the temperature and concentration profiles for the absorptions process in a vertical plate. The generation process is used for evaporation or distillation processes, in which the wall temperature (T w ) is higher than the liquid falling film temperature (T l ), allowing the phase change (pure substance entering at the

Figure 2 :

 2 Figure 2: a) Falling film in horizontal tubes and b) temperature and concentration profiles for the ammonia-water absorptions process in a vertical plate (adapted from [2])

(

  x ws ) were also decreased. The global heat transfer coefficient (U ) ranged from 753 to 1853 W m -2 • C -1 , the film heat transfer coefficient ranged (h l ) from 923 to 2857 W m -2 • C -1 , the vapor mass transfer coefficient (k m,v ) ranged from 0.0026 to 0.25 m s -1 , and the liquid mass transfer coefficient (k m,l ) ranged from 5.51•10 -6 to 3.31•10 -5 m s -1 .

  2. Vertical surfaceKang et al.[START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF] carried out an experimental work on ammonia-water falling film absorption process using a vertical surface (110 × 130 × 34 mm 3 ) with offset strip fins (OSF). The simultaneous heat and mass transfer coefficients were analyzed and computed for different operation conditions such as (a) inlet temperatures of the weak liquid solution (T ws = 17 -37.2 • C) and the ammonia vapor (T v = 54.5 -66.5 • C), (b) mass flow rate of weak liquid solution ( ṁws = 0.004-0.01015kg s -1 ) and the ammonia vapor ( ṁv = 0.00062-0.00090kg s -1 ), and (c) weak liquid solution concentration (x ws = 5, 10, and 15 %). The absorber used water as secondary cooling circuit ( ṁc = 0.0647 -0.0797kg s -1 ), circulating in a counter flow configuration to the liquid falling film. A rectification process of the wet ammonia vapor was reached before being absorbed by the liquid falling film in the absorption process due to the deeply low level of ammonia vapor purity (y = 64.7-79.7%) and to the inlet subcooling conditions.The heat and mass transfer ranged from 500 to 2100W m -2 • C -1 and from 1.0 to 55 × 10 -5 m s -1 , respectively. The increase of the falling film Reynolds number and the mass flow rate of ammonia vapor enhanced the Nusselt and the Sherwood number. However, the Nusselt number was more affected by the liquid mass flow rate than the mass flow of ammonia vapor, while the Sherwood number was more affected by the Reynolds number of ammonia vapor than the Reynolds number of liquid solution. On the other hand, the Sherwood number values were higher than the Nusselt number owing to the Lewis number, meaning that the effective thickness of thermal boundary layer is thicker than that of the diffusion boundary layer[START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF]. The following Nusselt and Sherwood number correlations were obtained, Nusselt number in the liquid falling film, Nu N u = 8.530 × 10 -2 Re 1.518

N u = 1 .

 1 975 × 10 -3 Re 0.6895 l τ * -0.0249 v (35) Nusselt number in the liquid falling film for counter-current absorption N u = 1.683 × 10 -4 Re 0

  our knowledge, there exists only one work in the literature proposing a correlation for a generator using ammonia-water solution. The first and second columns shows the author and the equation correlations, respectively; Next, Prandtl, Reynolds and Schmidt numbers are showed; while temperature and pressure of aplication are showed in the next two columns; finally, the two last columns present the concentration of the liquid solution (x) and the vapor (y), and the remarks for each correlation. Finally, in Tab. 3, the configurations of the experimental set up are summarized. The first column present the author, the second column show the geometrical specifications; next column associates other studies that they have been used to being compared; finally, some comments was carried out in the last column

4. 1 . 1 . 2 Wilke 2 Lee [ 47 ]

 112247 Vertical tubesShi et al.[START_REF] Shi | Study on falling film generation heat transfer of lithium bromide solution in vertical tubes[END_REF] carried out a mathematical simulation and experimental work of a desorption process inside a vertical tube of 25mm OD and 760mm in length, analyzing the influence of the heat flux and the volume flow rate over the heat transfer coefficient for a single absorption pressure (97.25kP a), solution concentration of 49.5%, heat flux ranging 5 -25kW m -2 , and for Reynolds smaller than 500 1 . In the mathematical analysis, the interfacial effects, wave generation Table 3: Summary of configuration studies on absorption and generation using ammonia water Experimental works using Ammonia Water: Configuration of study Author Geometrical specifications Compared Comments Bohra [31] Horizontal tube bundle 4Cx6R O.D = 0.0095m, L = 0.29m, S = 0.0201m δw = 0.0007m Atotal = 0.210m strip fin stainless steel 0.1 * 0.13 * 0.034mm 3 Fin pitch = 1.95mm, δw = 0.0002m Fin height = 0.0048mm Atotal = 0.0143m 2 Water counter-cross cooling and Cocurrent absorption Kwon [14] Coiled tube O.D = 0.0127mm, I.D = 0.0107mm, L = 0.6m Atotal = 0.024m 2 Water co-current cooling and Co/counter-current absorption It took into account the shear stress at the vapor-liquid interface It used the same test rig as Jeong [15] Lee [41] Three surface types smooth plate, hair lined plated treated by laser, and plate treated by sand paper (higher wettability) 0.112 × 0.264 × 0.0003m 3 , and Atotal = 0.0296m 2 Bubble, Water counter-current cooling Counter-current absorption Lee [47] Three surface types smooth plate, hair lined plated treated by laser, and plate treated by sand paper (higher wettability) 0.112 × 0.264 × 0.0003 m 3 , and Atotal = 0.0296 m : bubble tecnology Bubble Water counter-current cooling Counter-current absorption Zavaleta [36] Horizontal stainless steel tube bundle 7 Col x10Row δw = 0.001m, O.D = 0.008m, L = 0.15m AT = 0.264m 2

  h l = 14009.87q w 0.0764 Re -0.5391 l (38) Later, Shi et al. [35] built a test rig to investigate the heat transfer behavior for a vertical in-tube falling film generator, testing different heat fluxes (10 -25kW m -2 ) and concentrations of lithium bromide (49.5 -58%) for a laminar regime (Re = 287 -770), and for other operation conditions such as (a) generation pressure of 9.725kP a and (b) volume flow rate range of 7-14ml s -1 . A 25mm O.D stainless steel tube and 760mm length was employed, in which the lithium bromide solution was fed inside the tube top in the saturated condition. In addition, the falling film technology was compared with the flooded generator as well.

  developed a model to analytically study the heat and mass transfer coefficient in a falling film generator over a horizontal tube bundle, in which the Reynolds numbers (in the laminar regime without wave generation), tube diameter, tube spacing, and thermophysical properties were analyzed. The model took into account three regions over the horizontal tubes for different heat and mass transfer phenomena, being (a) impingement region on the top of the tubes, (b) vertical liquid sheet for the tube spacing, and (c) tube bundle for all horizontal tubes. Prandtl numbers ranged from 7 to 10, Reynolds number ranged from 100 to 500, generation pressure from 5 to 10kP a, and lithium bromide concentration from 50 to 60%. The average heat transfer coefficient decreased with the increase of the number of tubes in the vertical position in the bundle tube, being expressed as a function of the tube numbers (N ) and the heat transfer coefficient (h) of the first tube, hN -0.25 . For low Reynolds numbers (Re ≤ 200), the increase in the Reynolds number improved the average heat transfer rate. However, above this value, the effects of the Reynolds number over the average heat transfer coefficient may be neglected as well as the generation pressure variations or the superheating wall. Nusselt number for the liquid phase for one tube N u = 0.5441Re 0.1597 l P r 0.4563 l D * -0.3971 s * 0.001626 P 0.0213 e -0.004598X (40) Nusselt number for bundle tube N u = 0.5441Re 0.1597 l P r 0.4563 l D * -0.3971 s * 0.001626 P 0.0213 e -0.004598X • N -0.25 (41) where D * and s * represent the dimensionless tube diameter (D/L c ) and the dimensionless vertical tube spacing (s/L c ), respectively. L c represents the characteristic length (ν 2 /g) 1/3 .Jani[START_REF] Jani | Simulation of Heat and Mass Transfer Process in Falling Film Single Tube Absorption Generator[END_REF] proposed correlations for the dimensionless heat and mass transfer coefficients obtained by numerical modelization. The configuration studied corresponds to a solution of Li -Br falling down over a horizontal single heated tube.The model used for the hydrodynamic part corresponds to the Nusselt solution (the stream-wise component of velocity is quadratic for a given cross section of the liquid film) but varied following the angle along the tube. The transport equations correspond to the steady advection-diffusion equations.An increase of absorption pressure led to an increment of the saturation temperature of the solution, reducing the viscosity of solution, and therefore, an enhancement of the heat and mass transfer coefficient. On the other hand, the viscosity could be increased with a higher inlet concentration, negatively affecting the equipment performance[START_REF] Jani | Simulation of Heat and Mass Transfer Process in Falling Film Single Tube Absorption Generator[END_REF]. The correlations obtained were Nusselt number for the liquid phase N u = 0.7893 × Re 0.16587 l D * represents the dimensionless diameter of the tube as previously defined. The range of validity holds for values of P r between 7 and 10, values of Re between 100 and 500. The pressure values from 5kP a to 10kP a and the concentration of lithium bromide used was around 50% to 60%

  -3 kg m -2 s. The local heat transfer coefficient changed as a function of the vertical position on the plate (up to 5 times). Nevertheless, the local mass transfer coefficient was strongly dependent on the vertical position (up to 12 times), having the highest values in the first section of the absorber [22]. The correlations based on the numerical results were, Nusselt number for the liquid phase N u δ = 0.4767Re 0.0477 l and Farhanieh [23] carried out the similar numerical modeling to analyze the simultaneous heat and mass transfer behavior for different inclinations of the flat plate, covering from the quasi-horizontal position (β = 10 • ) up to the vertical position (β = 90 • ). The absorption mechanism occurring within the film was modeled by the 2D steady advection-diffusion equations, tested for the absorption pressure of P = 1kP a, inlet solution temperature fixed at 45 • C, whereas the inlet concentration was 60%. The properties of the lithium bromide-water solution were taken from McNeely [58].The Reynolds number ranged from 4 up to 150 for different flat plate inclinations, β, proposing the following correlations, Nusselt heat transfer for the liquid phase

  heat and mass transfer in a non-isothermal falling film absorption, in which the mean assumptions were taken into account: (a) the transversal velocity does not influence the momentum transfer, (b) no axial diffusive transport process, (c) no pressure gradients into the film, (d) shear stress acting on a differential element of the film, (e) film thickness computed by continuity equation, (f) eddy viscosity into the film determines the velocity distribution into the film, (g) unidirectional mass transfer, and (h) equilibrium condition at the interface.

  investigated the simultaneous heat and mass transfer in the absorption process for the wavy film flow, employing an iterative finite-difference method for a transient and two-dimensional (2-D) model, testing the operation conditions such as (a) inlet concentration of 60%, (b) absorption pressure of 0.850kP a, (c) inlet temperature solution of 40 • C, (d) surface temperature of 35 • C, and (e) wavy-laminar regime 200 ≤ Re ≤ 1000, in which there are two types of wavy laminar. The mass transfer rate was found to be higher in wavy laminar than in smooth laminar regime due to the inertial and roll waves it promotes, enhancing the normal convective flux.

  Takamatsu et al.[START_REF] Takamatsu | Vapor absorption by LiBr aqueous solution in vertical smooth tubes[END_REF] studied the heat and mass transfer behavior in a 400mm long falling vertical in-tube absorber, comparing the results with the previously reported 1200mm long, in which the effect of the solution flow rate (0.013 -0.025kg s -1 ), solution subcooling temperature (∆T sub = 0 • C and ∆T sub = 5 • C), and cooling water temperature (T l,i = 34; 35 • C) were tested. The experimental work found the total wettability of the tube when the Reynolds number reached Re = 130. Nevertheless, the film break-down may happen below this value, causing the deterioration of the average heat and mass transfer coefficient. In addition, it pointed out that the logarithmic mean difference in concentration is not always valid for the absorber, diverging from the real driving force of the absorption process. According to the absorption process, when the solution was fed at the saturated condition (∆T sub = 0 • C),

  [START_REF] Fujita | Falling liquid films in absorption machines[END_REF].

Figure 3 :

 3 Figure 3: Method to evaluate the heat and mass transfer coefficient in a realistic ARC

Figure 4 :

 4 Figure 4: Control volume for the generation and the absorption process

Qabs = ṁ8 i 8 + ṁ11 i 11 -

 811 ṁ9 i 9 (91) ṁ11 x 11 + ṁ8 x 8 = ṁ9 x 9 (92) Several simplified hypothesis were carried out to solve the whole equation system such as; (1) condensation temperature, T con = 40 • C; (2) evaporation temperature, T eva = 7 • C; (c) thermal load, Qeva = 3.517kW 2 ; (d) generation temperature, T gen = 100 • C, and (e) absorption temperature, T abs = • C. In addition, other assumptions were carried out to simplify the system, (a) quality equal to q u = 0 -saturated liquid-in the 3, 4, 6 and 9 points; (b) quality equal to q u = 1 saturated vapor-in the 2, 5 and 8 points; (b) two pressure levels only: high pressure level in the 1, 2, 3, 4, 5, 6, 11 and 12, low pressure level in the 7, 8, 9 and 10 points; (c) generation process occurs in thermodynamic equilibrium, T 3 = T 2 ; (d) the temperature in the point 4 is computed by the arithmetic mean, T 4 = 0.5 * (T 2 + T 5 ) [83], (e) heat exchanger with infinity area, Q subcool = Q pre-heat , T 11 = T 12 , and (f) isentropic pumping. Fig. (5) shows the numerical results of the whole operational parameters such as ammonia-mass 870 fraction (x), absorption pressure (P abs ) and generation pressure (P gen ), mass flow rate ( ṁ), just to mention a few.

Figure 5 :

 5 Figure 5: Results of the simulation of the ammonia-water ARC

x

  ss , x ws are the strong and weak solution, respectively. Next, the coefficient of performance (COP), absorption pressure (P abs ), generation pressure (P gen ), 900 generation temperature (T gen ). Finally, the Prandtl number (Pr) and Schmidt number (Sc) are computed.

Figure 6 :

 6 Figure 6: Results of the simulation of the lithium bromide-water ARC

Figure 8 :

 8 Figure 8: Nusselt as a function of the Reynolds number for the ammonia-water solution

Figure 9 :

 9 Figure 9: Sherwood number as a function of the Reynolds number for the Lithium bromidewater solution

Figure 10 :

 10 Figure 10: Nusselt number as a function of the Reynolds number for the Lithium bromidewater solution

Table 1 :

 1 Mass flow rate per unit length for various geometries

Table 2 :

 2 Application range of the correlations

	Author	Correlation	Pr	Re	Sc	T, • C	P,kPa	x, %	Remarks
								y, %	
			Falling film Absorber using Ammonia-Water solution		
	Bohra [31]	25, 26	2.2-10.4	26 -157	45.4 -588.1	14.8 -105.4	169 -520	5; 15; 25; 40	
			0.5 -0.93	-	0.5 -0.53	(-10.5) -28.2		-	
	Jeong [15]	34	2.4 -3.9	20 -300	-	45 -54	67 -117	1.2; 3.7	
			-	-		66 -69		63; 77	
	Kang [27]	30, 31	3.8 -5.8	17 -24	33.8 -39.2	17.0 -37.2	101.3	5; 10; 15	
			-	-	-	54.5 -66.5		64.7 -79.7	
	Kwon [14]	35, 36	2.1 -3.8	10 -250	-	45 -60	17 -193	3; 14; 30	
			-	-		-		45.6; 84.4; 96.5	
	Lee [37]	27, 28, 29	2.2 -8.2	29.7 -169.2	43.6 -362.7	14.8 -105.4	169 -520	5; 15; 25; 40	Grv = 4223 -59893
			0.5 -0.93	-	0.5 -0.53	(-10.5) -28.2		-	Jav = 0.0098 -0.0387
	Lee [47]	32, 33	3.8 -5.8	50 -700		15.5 -20	101.3	0.1 -0.3	
			-	25 -200		-		-	
				Other works using Ammonia-Water solution		
	Zavaleta [36]	37	1.68 -2.65	108 -246	-	87 -103	1460 -1611	37; 49	Generator

Table 4 :

 4 Constant for equations[START_REF] Hu | The intertube falling film: Part 2mode effects on sensible heat transfer to a falling liquid film[END_REF] and[START_REF] Meacham | Ammonia-water absorption heat and mass transfer in microchannel absorbers with visual confirmation[END_REF] 

	Configuration	a	b	c	d
	Solution, Bare	0.0249 0.069 0.896	-0.3
	Solution, Screen	0.00493 0.469 0.965 -0.343
	Solution + 2-EH, Bare	0.0259 0.247 2.623 -0.265
	Solution + 2-EH, Screen 0.0166 0.279 0.886 -0.24
	the 2-EH additive. Specifically, for the heat transfer coefficient, the screened
	surface slightly enhances transfers by promoting the wetting surface of pure

Table 7 :

 7 Operational conditions of the ammonia-water ARCCond. T con , • C T eva , • C T gen , • CCOP P abs , kP a P gen , kP a x ss , % x ws , % Pr Sc

	1	40	7	100	0.6245	554.1	1555	63.72 40.52	1.64 14.4
	2	40	7	110	0.5157	554.1	1555	63.72 31.41	1.91 21.5
	3	40	-20	100	0.5547	190.1	1555	41.51 40.52	2.29 37.3
	4	40	-20	110	0.4606	190.1	1555	41.51 31.41	2.63 52.4
	5	30	7	100	0.6083	554.1	1167	63.72 34.54	1.82 18.9
	6	30	7	110	0.4779	554.1	1167	63.72 25.78	2.1	27.4
	7	30	-20	100	0.5407	190.1	1167	41.51 34.54	2.52 46.9
	8	30	-20	110	0.4298	190.1	1167	41.51 25.78	2.87 64.2

Reynolds number was defined as a function of the film thickness, Re δ

Thermal load was necessary to run the model, however, the thermal load affect directly the equipment size
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for the same heat flux.

The heat transfer coefficient (1000 -1800W m -2 • C -1 ) was enhanced when the heat flux was increased for different volume flow solutions. However, the heat transfer rate decreased with the increases of the volume flow solution when the Reynolds number was less than Re δ ≤ 500 or Re ≤ 2000, and for Re δ ≥ with coefficients A, B, C and D depending on the angle and given by equations [START_REF] Meacham | Experimental demonstration of a prototype microchannel absorber for space-conditioning systems[END_REF] to [START_REF] Mitrovic | Influence of tube spacing and flow rate on heat transfer from a horizontal tube to a falling liquid film[END_REF]. 

Following their results, the averaged N u does not seem to be highly affected (variations inferior to 0.07) for different inclination at Re l = 20.5, whereas the averaged Sh number reduces by about 42% (from 46 to 27) when the angle goes from 10 • to 90 • . Moreover, the formulas performed shows that the optimal angle for the averaged N u seems to be for an inclination around β = 85 • .

Horizontal tubes

Babadi and Farhanieh [START_REF] Babadi | Characteristics of heat and mass transfer in vapor absorption of falling film flow on a horizontal tube[END_REF] developed an analytical study of the heat and mass transfer phenomena in the lithium bromide-water absorption process over a horizontal tube for operation conditions such as (a) Reynolds number ranging from 5 to 100, (b) absorption pressure of 1kP a, (c) inlet concentration of 62%, (d) wall temperature of 32 Babadi [START_REF] Babadi | Characteristics of heat and mass transfer in vapor absorption of falling film flow on a horizontal tube[END_REF] Horizontal tube D = 20mm Method: finite difference method. Assumes the total wettability of the tube Jani [START_REF] Jani | Tube bundle heat and mass transfer characteristics in falling film absorption generators[END_REF] Tube bundle D = 19.05mm, S = 0.03m Kim [START_REF] Kim | Heat transfer enhancement characteristics for fallingfilm evaporation on horizontal enhanced tubes with aqueous libr solution[END_REF], Jani [START_REF] Jani | Second law based optimization of falling film single tube absorption generator[END_REF] Method: Non-linear differential equations solved by Runge-Kutta. The position tube effect on the row tube bundle is analyzed

Jani [START_REF] Jani | Simulation of Heat and Mass Transfer Process in Falling Film Single Tube Absorption Generator[END_REF] Horizontal tube D = 19.05mm Kim [START_REF] Kim | Heat transfer enhancement characteristics for fallingfilm evaporation on horizontal enhanced tubes with aqueous libr solution[END_REF], Shi [START_REF] Shi | Heat transfer performance of lithium bromide solution in falling film generator[END_REF], Nusselt [START_REF] Nusselt | Die oberflachenkondesation des wasserdamffes the surface condensation of water[END_REF] Method: implicit Crank-Nicolson method Karami [START_REF] Karami | A numerical study on the absorption of water vapor into a film of aqueous LiBr falling along a vertical plate[END_REF] Vertical plate L = 1m Medrano [START_REF] Medrano | Absorption of water vapour in the falling film of water-lithium bromide inside a vertical tube at air-cooling thermal conditions[END_REF] Method: Fully implicit finite difference.

Properties: Florides [START_REF] Florides | Design and construction of a libr-water absorption machine[END_REF], and McNeely [START_REF] Mcneely | Thermodynamic properties of aqueous solutions of lithium bromide[END_REF]. Convergence criterion: mass flux

Karami [START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF] Incline plate L = 1m Medrano [START_REF] Medrano | Absorption of water vapour in the falling film of water-lithium bromide inside a vertical tube at air-cooling thermal conditions[END_REF] Properties: Florides [START_REF] Florides | Design and construction of a libr-water absorption machine[END_REF], and McNeely Heat transfer: Hoffmann [START_REF] Hoffmann | Experimental investigation of heat transfer in a horizontal tube falling film absorber with aqueous solutions of libr with and without surfactants[END_REF] Mass transfer: Yih [START_REF] Yih | Gas absorption into wavy and turbulent falling liquid films in a wetted-wall column[END_REF] Nagaoka [START_REF] Nagaoka | Absorber of absorption refrigerating machine (enhance-ment of heat and mass transfer in falling film absorbers by surface configuration)[END_REF], Kim [START_REF] Kim | Absorption of water vapour into falling films of aqueous lithium bromide[END_REF] Adiabatic condition are tested too.

Properties: thermodynamic properties of [START_REF] Kim | A gibbs energy equation for libr aqueous solutions[END_REF] k, µ of [START_REF] Diguilio | Properties of lithium bromide-water solutions at high temperatures and concentrations-i. thermal conductivity[END_REF], and Dm of [START_REF] Gierow | Measurement of mass diffusivity with holographic interferometry for H2O-NaOH and H2O-LiBr working pairs[END_REF] Shi [START_REF] Shi | Study on falling film generation heat transfer of lithium bromide solution in vertical tubes[END_REF] Vertical 

For 3200 ≤ Re N u = 0.0087Re 2/5 P r 0.344 (66)

Takamatsu [START_REF] Takamatsu | Vapor absorption by LiBr aqueous solution in vertical smooth tubes[END_REF] showed that Chun and Seban [START_REF] Chun | Heat transfer to evaporating liquid films[END_REF] may be used for Reynolds number higher than Re=150. However, Chun and Seban [START_REF] Chun | Heat transfer to evaporating liquid films[END_REF] superestimates the Nusselt number, in which Chun and Seban [START_REF] Chun | Heat transfer to evaporating liquid films[END_REF], [START_REF] Chun | Performance prediction of falling-film evaporators[END_REF] Laminar regime, Re ≤ 2.44Ka -1/11 is given by

Wavy laminar regime, 2.44Ka -1/11 ≤ Re ≤ 5800P r -1.06

Turbulent regime, and the departure from the wavy laminar to turbulent regime Re = 5800P r -1.06

N u = 0.0038Re 0.4 P r 0.65

Hu and Jacobi [START_REF] Hu | The intertube falling film: Part 2mode effects on sensible heat transfer to a falling liquid film[END_REF], sheet mode N u = 2.194Re 0.28 P r 0.14 Ar -0.20 S -D D

Jet mode, and the departure from the jet mode to the sheet mode is Re = 1.431Ga 0.234 .

N u = 1.378Re 0.242 P r 0.26 Ar -0.23 S -D D

Droplet mode, and the departure from the droplet mode to the jet is Re = 0.084Ga 0.302 .

N u = 0.113Re 0.85 P r 0.85 Ar -0.27 S -D D 0.04 [START_REF] Goel | A compact falling film absorber[END_REF] Alhusseini et al. [START_REF] Alhusseini | Falling film evaporation of single component liquids[END_REF], Laminar regime N u = 2.65Re -0.158 Ka 0.0563 (73)

where

• A 1 = 9.17

• A 3 = 0.289(152100 + 2340δ * + 7δ * 2 )/δ * 2 ;

• B 1 = (2.51x10 6 δ * 1/3 Ka -0.173 )/Re (3.49Ka 0.0675 )

• C 1 = 8.82 + 0.0003Re

• δ * = 0.0946Re 

and the modified of Chun and Seban's correlation [START_REF] Chun | Heat transfer to evaporating liquid films[END_REF], getting;

N u = 0.20 ν 2 gk 3 0.23

Re 1.66 2e S/So -1 0.006

where, S o = 30000ppm, while S is the salt concentration given in ppm, T sat is the saturation temperature given in K.

Parken et al. [START_REF] Parken | Heat transfer through falling film evaporation and boiling on horizontal tubes[END_REF], for the 25.4mm diameter tube.

N u = 0.042Re 0.15 P r 0.53 (77) for the 50.8mm diameter tube.

N u = 0.038Re 0.15 P r 0.53

Mitrovic [START_REF] Mitrovic | Influence of tube spacing and flow rate on heat transfer from a horizontal tube to a falling liquid film[END_REF], for 160 ≤ Re ≤ 560 N u = 0.01374Re 0.349 P r 0.5 β

where, β = (S/D) 0.158 1+e 0.008Re 1. 32 Liu et al. [START_REF] Liu | Evaporation heat transfer of falling water film on a horizontal tube bundle[END_REF] for 1.75 ≤ P r ≤ 7.02; 800 ≤ Re ≤ 5000; 213 ≤ Ar ≤ 1546;

10mm ≤ D ≤ 40mm, N u = 0.041Re 0.3 P r 0.66 Ar -0.12 (80)

Chien [START_REF] Chien | An experimental study of pool boiling and falling film vaporization on horizontal tubes in R-245fa[END_REF] for R-245fa, 6.26 ≤ P r ≤ 7.15; 115 ≤ Re ≤ 372; 0.000165 ≤ W e ≤ 0.000168

Narváez-Romo and Simões-Moreira [START_REF] Narváez-Romo | Falling Liquid Film Evaporation in Subcooled and Saturated Water over Horizontal Heated Tubes[END_REF] for water, 0.72 ≤ P r ≤ 7.92; 160 ≤ Re ≤ 940

Leite [START_REF] Leite | Modelagem do absorvedor e do gerador de ciclos de refrigeração por absorção de calor com o par NH3-H2O baseados na tecnologia de filme descendente sobre placas inclinadas[END_REF] developed a numerical study of both absorber and generator, applying the finite difference method for an inclined plate, in which the mass, species and energy balances were employed. Both components were modeled for various operation conditions, testing the geometry dimensions, plate angle of inclination, wall temperature and the inlet conditions. The results confirmed that the vertical position is the best position of performance, promoting a stable operation condition. Finally, it found a correlation to correlate the heat and mass transfer over an inclined plate as a function of the vertical position, given by:

F N u (β) = e -0.081(β-π/2)+0.054(β 2 -π 2 /4)-0.012(β 3 -π 3 /8) (85)

These factors were obtained by fitting the numerical results of Karami and Farhanieh [START_REF] Karami | Numerical modeling of incline plate LiBr absorber[END_REF]. In addition, the correlation of Kang et al. [START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF] was used to compute the heat and mass transfer coefficient for the vertical position (β = π/2).

displays the possible mass transfer mapping for the ARC for the whole operational conditions given in Tab. [START_REF] Ribatski | Falling-film evaporation on horizontal tubes -A critical review[END_REF]. The mass transfer mapping from Bohra [START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF] agree with Lee [START_REF] Lee | Development of techniques for in-situ measurement of heat and mass transfer in ammonia-water absorption systems[END_REF]. However, Kang et al. [START_REF] Kang | Experimental correlation of combined heat and mass transfer for NH3-H2O falling film absorption[END_REF] underestimates these values, in which it may be explained by the conditions that the experiments were carried out at the test rig (low purity of ammonia vapor). Therefore, the Sherwood number in refrigeration/air conditioning applications may vary from 0.015 to 0.08. The operational conditions 2 to 7 were not shown in Fig. [START_REF] Ribatski | Falling-film evaporation on horizontal tubes -A critical review[END_REF], but these values are found in Tab. [START_REF] Ribatski | Falling-film evaporation on horizontal tubes -A critical review[END_REF], and in Tab. ( 2) the application range of these correlations are displayed. and Simões-Moreira [START_REF] Zavaleta-Aguilar | Horizontal tube bundle falling film distiller for ammonia-water mixtures[END_REF], Wilke [START_REF] Wilke | heat transfer to falling liquid films) warmeubertragung an rieselfilme[END_REF] and Alhusseini et al. [START_REF] Alhusseini | Falling film evaporation of single component liquids[END_REF] show similar heat transfer values from Bohra [START_REF] Bohra | Analysis of binary fluid heat and mass transfer in ammoniawater absorption[END_REF] for the Reynolds numbers between 100 and 150.

However, the fashion curves of these processes are opposite. The second Fig.

(upper-right side) displays a comparison between Jeong et al. [START_REF] Jeong | Heat transfer performance of a coiled tube absorber with working fluid of ammonia/water/discussion[END_REF], Kwong and Jeong [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF], Lee et al. [START_REF] Lee | Experimental analysis of bubble mode in a plate-type absorber[END_REF] and Hu and Jacobi [START_REF] Hu | The intertube falling film: Part 1flow characteristics, mode transitions, and hysteresis[END_REF], showing that these correlations present similar results each other, i.e., Kwong and Jeong [START_REF] Kwon | Effect of vapor flow on the falling-film heat and mass transfer of the ammonia/water absorber[END_REF] correlation found inside the operating range of Lee et al. [START_REF] Lee | Experimental analysis of bubble mode in a plate-type absorber[END_REF] and Hu and Jacobi [START_REF] Hu | The intertube falling film: Part 1flow characteristics, mode transitions, and hysteresis[END_REF]. Therefore, the Hu and Jacobi [START_REF] Hu | The intertube falling film: Part 1flow characteristics, mode transitions, and hysteresis[END_REF] correlation may be used to design the absorption process