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Abstract: - In several heat exchange devices phase transition occurs in a small region 

adjacent to the wall, and the secondary phase is present only in a thin layer running 

along the wall, allowing for decoupling between the fluid dynamic computation of the 

core flow and the numerical analysis of the secondary phase. This happens in finned 

dehumidifier, but also in spray cooling or defogging problems. In a finned dehumidifier, 

or in air conditioning evaporators, the secondary phase is provided by moist air 

condensation, and may consist of discrete droplets, continuous film or a collection of 

rivulets. Several levels of approximation may be adopted, depending on the specific 

problem: perfect drain assumption requires only the addition of a heat source in the 

energy equation, otherwise the water layer behaviour has to be taken into account. 

Furthermore, an heat and mass transfer analogy may or may not be appropriate; in the 

latter case, the solution of the diffusion equation of humidity is required. 

Here, different levels of approximation are compared with literature experimental 

data for condensation over a vertical fin. Results show that thermal resistance and 

gravity effects, in the considered geometry, are negligible, and the condensate takes the 

form of a collection of still droplets, rather than a flowing film. This has an effect on the 

actual heat transfer and water layer build-up, and the variation of temperature along the 

fin induces some discrepancy with respect to the straightforward application of the heat 

and mass transfer analogy. 

 

Key-Words: - finned dehumidifier, condensation, droplet, film, moist, mass transfer  
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1 Nomenclature 

 
Adry dry solid area, eq.(16), m2 

Awet droplet/solid contact area, eq.(16), m2 

Acap droplet/air contact area, eq.(16),  m2 

At total area of an interface element,  m2 

Bo Bond number, dimensionless, Bo=ρgd2sinα/σ 
c, solid specific heat J/(kg K) 
cp air constant pressure specific heat, J/(kg K) 
D diffusion coefficient, m2/s 
d  droplet base diameter, m 
g acceleration of gravity, m/s2 

h heat transfer coefficient, W/(m2K) 
hw water layer cell-averaged height, m 
H fin vertical length, m 
k thermal conductivity, W/(m K) 
L fin streamwise extension, m 
m ′′�  water mass flow rate per unit surface kg/(m2s) 
m′�  water mass flow per unit length, kg/(m s) 
M molecular weight, kg/kmol 
n unit vector normal to the boundary 
p Pressure, Pa 
Pr Prandtl number, dimensionless, Pr = µf cp/kf  
Q ′′  heat flux per unit surface, W/m2 

Rv air gas constant, J/(kg K)  
Sc Schmidt number, dimensionless, Sc = µf /ρf D 
T Absolute temperature, K 
v fluid velocity, m/s 
x,y,z Cartesian coordinates, m 

Greek symbols 
α surface inclination angle, rad 
φ relative humidity, dimensionless 
Γ solid/fluid interface 
λ latent heat of evaporation, J/kg 
µ dynamic viscosity, kg/(m s) 
ϑ time, s 
θ water/solid contact angle, rad 
ρ density, kg/m3 

σ surface tension of the liquid/vapor interface, N/m  
τ wall shear stress, N/m2   
ω mass fraction of water vapor, kgvapor/kgmoist air 

ψ droplet azimuthal angle, rad  
Subscripts and superscripts 

0 freestream 
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adv advancing 
conv convective 
f fluid 
lat latent 
min minimum value 
n current time step 
rec receding 
s solid 
sat saturation 
v water vapor 
w water layer 
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1 Introduction 

Gas-liquid phase transition often occurs in a small region adjacent to solid walls, and 

the secondary phase is present only in a thin layer running along the wall. This happens in 

several heat transfer devices, including finned condensers or finned dehumidifier [1-3], but 

also in spray cooling [4] or fogging/defogging problems [5]. In such situation, we have 

three different domains (air flow domain, water flow region, solid), possibly governed by 

three different set of equations (compressible/incompressible flow, conduction problem, 

shallow water models). The interaction among these domains can be modelled with 

different levels of detail, depending on the flow and thermal conditions.  

It is common practice, for example, to decouple the fluid dynamic computation of the 

core flow and the numerical analysis of the secondary, liquid, phase. In the core flow the 

solution of continuity, momentum, energy and mass diffusion equation are required. 

However, the mass diffusion equation is sometimes skipped, relying on the well known 

heat and mass transfer analogy to obtain mass transfer data from the energy equation. 

Unfortunately, the heat and mass transfer analogy holds true under some constraints: as an 

example, we obviously need to have analogy both in the equation, which is easily verified, 

and in the boundary conditions. The latter is not always true: in a partially wet fin the mass 

diffusion equation requires Neumann conditions (no mass flow) in the dry areas, and 

Dirichlet boundary conditions (concentration equal to saturation threshold) in the wet 

regions,  while the energy equation will more likely have either Neumann or Dirichlet 

boundaries on the whole surface. Furthermore, analogy is well respected in a boundary-

layer like flow regime, but can easily fail in more complex flow regimes [6]. 
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In a finned dehumidifier, or in a finned air conditioning evaporator, the secondary 

phase is the liquid layer produced by moist air condensation, and may consist of discrete 

droplets, as in fogging phenomena, continuous film or a collection of rivulets. Again, 

several levels of modelling approximation may be adopted, depending on the specific 

problem: if perfect drainage is assumed, the condensing effect can be effectively described 

by a simple heat source in the energy equation [7], otherwise the film development has to 

be taken into account.  

The full description of the fluid-dynamic behaviour of the water layer is a very complex  

task which involves the numerical solution of the flow field both inside and outside the 

liquid film/droplet, thus requiring specific computational techniques for the simulation of 

moving boundaries at the interface [8, 9]. This is particularly challenging in the case of 

dropwise condensation, which in principle would require the simulation of each droplet. 

Such a level of detail is not viable for simultaneous solution on thermal and flow field in 

complex geometries; furthermore, it might not be necessary when the aim is the evaluation 

of the condensation effect on the global heat transfer device performances. 

In the present paper we take into account the details of  the water layer status for those 

aspects which may have direct impact on the actual latent heat transfer rate, namely its 

configuration  (collection of still droplet or  moving film), driven by surface tension effect 

[3]. In particular, we are looking for more realistic interfacial boundary conditions 

obtained from the computation of some relevant parameters  (dry/wet area ratio, face 

average water layer thermal resistance and obstruction)  influencing the heat exchange. 

We implemented a water layer model which is based on the experimental results by  

Korte et al. [10], ElSherbini et al. [11] Hu et al. [12], who, among others, discussed the 

possible influence of droplets and film configurations. As reported in literature, moist air 
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begins condensation at random location in the form of tiny beads. Surface tension forces at 

first inhibit the displacement of such tiny droplets. As their number increases, adjacent 

droplets start to coalesce. The base area of the larger droplet resulting from the 

coalescence of two smaller ones is smaller than the sum of the parent droplets. Thus, new 

portion of dry surface may be generated. This quickly leads to a self-similar condition 

[13,14], in which, although the average droplet size increases, the ratio between dry and 

wet area is constant, as well as the ratio between the total, curved, droplet surface area and 

the base one. These area ratios have an impact on heat transfer rate, since, as an example, 

we will have a mix of simple convective/conduction heat transfer through the dry portions, 

and condensation on the curved upper surface of the droplets [5]. Thus, neglecting droplet 

deformation, self similar configuration of still water droplets corresponds to a stable 

regime in heat transfer mechanisms, at least until the droplets become large enough for the 

gravity and shear stress forces to overcome the surface tension and start the water motion. 

This will lead to a different flow and heat transfer regime, either of continuous film, 

moving droplets or rivulets, depending on the water volume and flow conditions. 

The main aim of this paper is to evaluate the different modelling options in the 

framework of an integrated CFD simulation, in the case of a vertical finned dehumidifier, 

under laminar flow conditions. In particular, the water layer regime (still droplets or 

continuous film) is detected taking into account the effects of gravity, shear stress and 

surface tension. Water thermal resistance, as well as the effect of film obstruction are also 

modelled. However, under the assumed range of flow and temperature conditions, the 

results show that the effects of the thermal resistance and the film obstructions were 

negligible, while the water layer assume the form of still droplets for a long time. Thus, the 

investigation is focused on the differences in the results obtained by a standard continuous 
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film and a droplet collection water layer model, and on the limits of applicability of the 

heat and mass transfer analogy, with special regard to the mixed dry-wet fin conditions. 

All of the computations are carried out using an in-house finite element code for the 

solution of the air flow domain [16], a finite volume code for the solid solution, and a 

interfacial procedure for the conjugate heat transfer coupling which include the solution of 

the water layer governing equations [5]. 

2 Physical problem and computational domain 

As a sample problem, the vertical fin array analyzed by Lin et al.[1] has been 

considered. The geometry, shown in Fig.1a, is made by an array of vertical, two millimeter 

thick, aluminium alloy fins. The spacing between adjacent fins is 3 mm and the fin area is 

L x H = 100x100 mm. The range of air velocities (0.3-1.5 m/s) lies within the laminar 

regime. Inlet air flow is characterized by an inlet temperature of 300 K, and the inlet 

relative humidity  φ0 (ratio between actual partial vapour pressure and saturation pressure) 

ranges from 50% to 90%. Moist can condensate on the fin surface, as the base fin 

temperature is kept constant at 282 K, i.e. below dew point temperature. In the 

experimental set up, fin temperature is recorded by two series of thermocouples placed 

within the fins, along vertical lines at 25 and 75 mm from the fin channel inlet, i.e. ¼ and 

¾ of the fin total streamwise extension L. 

Due to symmetry conditions, the computational domain is reduced to one half of a 

single fin channel, spanning from the midplane of a fin to the midplane of the 

corresponding flow channel. Symmetry boundary conditions apply to both vertical planes, 

and a fixed temperature of 282 K is imposed on the base plane of the domain. No slip 

condition is enforced on all the solid walls, and constant Dirichlet boundary conditions for 
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the velocities, temperature and humidity are assumed at the inlet section. The fin top plane 

is assumed adiabatic. 

3  Numerical Method 

The physical problem involves a solid domain (the fin), a fluid domain for the air 

flow, and the water layer domain (Fig. 1b). The effect of atmospheric moist on 

thermophysical air properties is usually negligible. Thus, the air flow domain is 

governed by the continuity, momentum and energy equations for an incompressible, 

constant properties fluid: 

 0v =⋅∇   

 pfff ∇−∇=∇⋅+ vvv
v 2µρ
ϑ∂

∂ρ  (1) 

 TkTc
T

c fpfpf
2v ∇=∇⋅+ ρ

ϑ∂
∂ρ  

Two modelling options are compared for the evaluation of the condensing flow rate: 

the heat and mass transfer analogy vs the full simulation of the humidity transport. In the 

latter case, the mass diffusion equation is written in terms of the mass fraction of water 

vapour in moist air ω: 

 ωω
ϑ∂
ω∂ 2v ∇=∇⋅+ D . (2) 

The solid domain requires the solution of the conduction equation 

 Tk
T

c ss
2∇=

ϑ∂
∂ρ . (3) 

As long as perfect drainage is assumed, the interaction between mass diffusion and 

energy equations can be modelled as a simple heat source [7]. In order to analyze the 
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detail of the water behaviour, some more detailed approaches can be followed. Here, a 

procedure derived from one previously adopted for icing and demisting problems [4] is 

adopted. The fluid and solid domains are solved independently, possibly with different 

codes. The interaction between these domains is handled by an interfacial procedure 

which takes into proper account the water layer.  

Here, the flow field continuity, momentum and energy equations (Eq.(1)) are solved 

by an in-house finite element code [16], which allows for the solution of the mass 

transfer equation (2) as well [6,7]. The solid domain conduction problem (Eq.(3)) is 

computed by an efficient, structured finite volume code well suited for these simple 

geometries. 

The computational grids for both the fluid and solid domains (Fig.1b) present 40 nodes 

in the x direction (flow), 80 nodes in y direction, 10 and 20 nodes in the z direction 

respectively. 

The coupling of the two domains is here obtained via an exchange of boundary 

conditions. In the present simple geometry the fluid and solid grids have been built to 

match at the interface, thus the correspondence of element faces and nodes ensures the 

accuracy in the exchange of boundary conditions. In general the procedure presents 

maximum flexibility, since not only the two solvers of the solid and the fluid domain 

may be different, but non-matching grids might also be used. In the latter case the 

accuracy in the is handled by an ad hoc conservative interpolation procedure is closely 

similar to the one described in [18]. 

The coupling procedure can be summarized as in the following: 
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1. Continuity, Navier Stokes and energy equation Eq. (1) are solved for the fluid domain 

with the previous time step fluid temperature as a boundary condition 
n
fTT =  at 

fluid/solid interface Γ  

 Γ= onTT n
f  (4) 

2. The interface mass transfer is evaluated either via the solution of its transport 

equation eq.(2), assuming the appropriate boundary condition, or estimated from the 

heat transfer rate via the heat and mass transfer analogy. 

3. The interfacial program evaluates the water layer thickness hw, choosing between 

continuous film and still droplets regime. Furthermore, it computes the total heat flux, 

sum of the convective heat flux and the latent heat flux, to be given to the solid solver 

as the boundary condition for the conduction equation. 

4. The conduction equation Eq.(3) is solved in the solid domain with the Neumann 

boundary condition at the fluid/solid interface,  

 Γ
′′

−=
∂
∂

on
k
Q

n
T

s

s
 (5) 

yielding a new estimate of solid wall temperature 1+n
sT  on the interface Γ: 

5. Fluid flow boundary condition is estimated from the wall temperature taking into 

account the film thermal resistance. If kw is the water thermal conductivity: 

 Γ′′+= ++ on                    11
s

w

wn
s

n
f Q

k
h

TT  (6) 

6. Repeat from step 1.  

At step 2. the proper mass transfer boundary conditions are required. In the wet region 

of the fin, the water mass fraction is equal to the saturation value, and thus a Dirichlet 

boundary condition is imposed 
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 ( ) ( )
TR

Tp
T

vf

sat
sat ρ

ωω ==  (7) 

where the saturation pressure psat is given as 

 ( )
�
�

�
�
�

�

+
−

= 85.34
15.273

2694.17

78.610 T
T

sat eTp  (8) 

and  T and p are given in K and Pa, respectively.  

In the dry region a zero Neumann condition is required 

 0=
∂
∂

n
ω

. (9) 

3.1 Water layer modeling 

For the analysis of the water layer a two dimensional finite volume grid is defined on 

the solid-fluid interface. In the present simple geometry such grid coincides with the fluid 

(or solid) grid on the interface. Proper water layer integral energy and mass balance for 

each element of this grid are needed in order to provide the proper boundary conditions for 

both solid and fluid domains. 

Neglecting the water layer thermal capacity, as reasonable for thin layers, the energy 

balance of the condensate requires that the heat flux to the solid compensate the sum of the 

convective heat flux from the fluid and the latent heat contribution from condensation: 

 latconvs QQQ ′′+′′=′′  (10) 

where "
sQ is the total conduction heat flux per unit of area transferred to the solid, convQ ′′  

is the convective heat flux per unit of area from air, and latQ ′′  is the latent heat flux per 

unit of area released in condensation process. During evaporation, the same equation 

holds true, but the latent heat contribution is negative. If "
cm�  is the condensing water 
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mass flow  and ( )fTλ  the latent heat of vaporization at the water layer surface 

temperature, the latent heat contribution is given by 

 ( )fclat TmQ λ′′=′′ �  (11) 

The value of condensing mass flow can be computed either via the proper diffusion 

equation (Eq.(2)) solution, adopting a consistent finite element approach following 

Comini et al., or estimated via an heat and mass transfer analogy. In this case, the 

condensing mass flow is a function of the local heat transfer coefficient h:  

 �
�

�

�

�
�

�

�

−
−

�
�

�
�
�

�=′′
w

w

sat

satsat

f

w

p
c pp

pp

M
M

Scc
h

m
0

03
2

0Pr φ
�  (12) 

where Pr is the Prandtl number of air, Sc is the Schmidt number for air, wsatp is the 

saturated steam pressure at the water layer temperature, 0satp is the saturated steam 

pressure at free stream temperature, p0 is the free stream pressure and φ0 is the free 

stream humidity. 

3.2 Film condensation 

Under the assumption of continuous moving film the continuity equation must be 

solved in the 2D water layer domain. Since we are not solving the complete fluid dynamic 

equations within the water layer, we need some more hypothesis: for a thin film, we can 

assume a linear distribution of velocity through the film, as in a Couette flow. Under this 

assumption the shear stress is constant through the film and, thus, is possible to compute 

the runback water mass flow per unit length as: 

 
2

2
1

wwrb hm
µ
τρ=′�  (13) 
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where τ  is the resulting stress from the fluid solution, and hw  is the local film height. If 

the gravity force ρwghw is effective, the film driving force is the resulting of gravity and 

shear stress, rather than the simple τ. The balance of a generic 2D element Ω on the 

interface, with a boundary ∂Ω,  becomes: 

 0=′′+′ ��
ΩΩ∂

crb mm ��  (14) 

which is discretized with a first order upwind scheme. Since the shear stress τ is known 

from the flow solution, the discretized form of Eq.(14) can be solved for the film height 

hw via eq.(13).  

Once hw is known, it is possible to compute the slip velocity for the flow, i.e. the film 

velocity at the air-water interface: 

 wslip hv
µ
τ= . (15) 

This velocity should be used as boundary condition to the fluid solution on the 

interface: however, in all of the present computations its value is low enough to neglect 

any slip effect.  

Similarly, the model allows for re-meshing of the fluid domain, moving the fluid 

domain boundary at an hw distance from the actual solid wall, in order to take into 

account the obstruction effect of the water layer. The re-meshing is obtained by 

translation of the fluid nodes in the z direction, thus preserving the correspondence 

between solid-fluid interface faces and nodes, without the need of sophisticated 

interpolation procedures. Each element of the 2D water layer grid, even in such case, 

provides the correct boundary condition transfer through the gap between the deformed 

fluid domain and the solid one created by re-meshing. 
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However,  re-meshing option did not have any significant effect in the present 

computations, since the average film height, as will be shown in the results, is too small 

to become significant. 

3.3 Droplet condensation 

If the film appears in the form of a discrete collection of still droplets, the droplet 

geometry does affect the effective heat transfer. Under the assumption of droplet size 

much smaller than the grid elements, we can analyse the typical geometry shown in 

Fig.2. It is worth to underline that we do not follow the details of the droplet shape nor 

simulate the time dependent behaviour of the air-flow interface, but include in the 

model  those aspects which may significantly affect the heat transfer latent flux, such as 

the different surface which take part to the condensing process (Fig.2). These are: Awet is 

the area of the droplet/solid interface, Adry is the area of the dry portion of the solid 

surface, Acap is the area of the droplet/fluid interface, here assumed to be a spherical cap 

defined by the contact angle θ, and At is the total area of the solid surface. 

The heat balance in this case is: 

 λ
t

cap
c

t

dry
conv

t

wet
convs A

A
m

A

A
Q

A
A

QQ ′′+′′+′′=′′ � . (16) 

When condensation of water vapour takes place on a solid surface, nucleation of 

droplets occurs. The contact angle of the droplets during this phase can be assumed as 

the advancing contact angle. When droplets cover a large part of the surface coalescence 

or fusion will occur, but since coalescence preserves volume a release of free surface 

follows, allowing for new nucleation. This leads to self similarity in the droplet pattern, 

with a stabilization of the value of the surface coverage close to the one corresponding 
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to close packing of small droplets. Assuming such self similar droplets distribution on 

the interface, the area ratios in Eq.(16) are constant, regardless of the droplet diameter. 

Thus we will assume the same value during all the condensation process, including the 

starting limiting case of diameter approaching zero. Moreover, the contact angle θ  will 

be assumed constant and equal to the static one. The diameter d of the droplet will 

correspond to a closely packed distribution of droplets with a cell-averaged height 

computed from the mass balance and the geometrical configuration:   

 
"
c

t

wetw
w m

A
Ah

�−=
∂
∂

ϑ
ρ  (17) 

 
( )

( ) ( )θθπ
θ

cos2cos1

sin312
2

3

+−
= wh

d  (18) 

During evaporation, the behaviour of the droplet is more complex and has been 

commented in Croce et al. [5].  

3.4 Transition from still droplet to moving film 

Under external forces the drop changes in shape, becomes non spherical and is 

characterized by an hysteresis, imposed by the difference between the advancing θadv  and 

receding contact angles θrec. The forces acting on the drop are: the drag force, driven by 

the external flow, the component of the gravitational force along the wall surface, and the 

rigidity force, which is the component of the surface tension along the moving axis, 

always opposite to the deformation direction. In the present computations, the 

gravitational force is much larger than the drag one, and so we can take advantage from 

the experimental results of ElSherbini [17]. According to ElSherbini [17], it is possible to 
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express θ and cosθ along the droplet base contour as a polynomial function of the 

azimuthal angle ψ: 

 ( ) adv
advadv θψ

π
θθψ

π
θθψθ +

−
−

−
= 2

2
min3

3
min 32  (19) 

where θmin can be related to the Bond number: 

 97.00155.001.0 2min +−= BoBo
advθ

θ
 (20) 

which represents the ratio of gravitational to surface tension forces: 

 
σ

αρ sin2gd
Bo w=  (21) 

where g is the acceleration of gravity, d the drop diameter, � the surface inclination 

angle and � is the surface tension of the liquid air interface. Since gravity forces 

increases with d3, shear stress forces with d2, and surface tension forces only with d, a 

threshold value dt exists such that we have still droplet for d < dt and moving film for 

d>dt.  In our code, moving water is assumed in an element of the 2D interface grid if 

either the threshold diameter is exceeded or some runback water is flowing in from the 

neighbouring elements. 

In narrow flow passages, the average water layer obstruction may become significant 

even before the drop-film transition: fluid domain re-meshing may help, in this case.  

4. Results and discussion 

Different levels of detail in the water layer and mass transfer computation were tested 

in a range of different flow conditions. In particular, velocity effect is explored with four 

different inlet velocities, 0.3, 0,5, 0.75 and 1.5 m/s for an inlet relative humidity of φ0=0.5. 
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Furthermore, three different inlet relative humidity, φ0=0.5, 0.7, 0.9 were tested at the 

same inlet speed of 0.5 m/s.  

While in the film model the water height achieves the steady state, in the still droplet 

regime the water layer in the wet areas continuously builds up with time. The following 

computations were carried out for up to 20 seconds of physical time. In all of the 

considered cases, the water layer appears in the form of still droplet, as confirmed by Lin 

et al. Visualizations [1]. Although under such condition the water layer gets thicker and 

thicker, the area ratios in Eq.16 become constant, as soon as self similar droplet pattern is 

attained. If, as in our computation, the film turn out to be very thin and  the water layer 

thermal resistance is negligible, these area ratios are the only condensate parameters 

influencing the heat transfer. Thus, also the heat transfer rate reaches a constant value as 

well. As a consequence, temperature distribution and dry area shape, which is related to 

the local dew temperature isoline, reach stable values. In the limit of very long time, 

however, the water layer will ultimately reach the threshold value and trigger the transition 

to either continuous film flow or moving droplets/rivulets. Thus, the results of the film 

model will also be presented, as it represents a possible asymptotic condition for long-term 

simulation, and in order to evaluate the discrepancies between the two approaches. It is 

worth notice, however, that still droplet configuration was reported by Korte and Jacobi 

[10] even after several hours of continuous operation. 

Fig. 3 shows the fin temperature and the water layer average height distributions for the 

case ϕ0=0.5, v0=0.75 m/s. While the temperature fields look quite similar, the height 

distributions are significantly different. Furthermore, the extension of the dry area is 

slightly different. In the droplet model the active condensing area is only Acap, rather than 

the whole available area Atot (Fig.2). Thus, the condensing rate is smaller and the dry area 
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is larger. Experimental contour derived from Lin et al. shows that actually the droplet 

model is slightly more accurate. As stated above, the average water height distribution is 

quite different in the two cases: the moving film allows water drain in the streamwise 

direction, and on most of the fin surface  it exhibits lower hw with respect to the droplet 

model. Computation for the droplet model corresponds to a 10 second physical time, while 

the film model computation was stopped at convergence of the film height. However, the 

above defined transition criterion shows that at 10s the droplet are still quite far from the 

transition to continuum film, which might occur no earlier than after half an hour.  

Furthermore, the water layer is quite thin, of the order of the micrometers (maximum 

value 8,5 µm  in Fig.3). Thus, thermal resistance effect are clearly negligible. For the 

droplet solution, since we are still in the steady droplet regime, also the gravity forces are 

not effective, while in the film model the streamlines gravity deviates water film 

streamlines towards the bottom of the fin. This leads to the characteristic shape of the 

higher film region (the red areas in Fig.3), which covers a smaller and smaller portion of 

the fin height H moving along the streamwise direction. Due to the small value of hw, also 

water obstruction is, in the present computations, negligible. 

The difference between heat and mass transfer analogy and full mass diffusion solution 

are highlighted in Fig.4. While temperature fields, again, show relatively small 

discrepancies, the average water layer film can be quite different. Fig.4 shows that the full 

computation allows for higher condensation, which is consistent with the small increase in 

fin temperature, and in the partially wet regime this leads to significant differences in the 

dry area shape and extension.  

Different inlet velocities are compared in Fig.5 at the same inlet humidity of 50%.  

Differences are quite dramatic, and show that a little uncertainty in the experimental inlet 
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velocity value can easily mask, at least for the temperature field, the difference between 

different physical model of the water layer (Fig.3).  

More quantitative comparison may be derived from the temperature profiles along the 

fin. In Fig.6 the temperature at x=25 mm from droplet and film model are compared. We 

have actually a difference, which is small at low inlet humidity, and increase with φ0. 

Same considerations apply to the discrepancies between heat and mass transfer analogy 

and the full mass diffusion equation solution. As shown in Fig.7, again, we have 

differences which are a function of φ0: the two approaches give almost the same 

temperature at φ0=50%, and have roughly up to 0.4 K difference at φ0=90%. For most 

engineering applications, the heat and mass transport analogy would, thus, provide 

acceptably accurate temperatures in these simple geometries. 

Finally, Lin et al. provide temperature profiles along vertical rows of thermocouples, as 

shown in Fig.1. In Fig.8, present results are compared with experimental data 25 mm 

downstream of the inlet section. Although the experimental data show a certain scattering, 

it appears that the complete mass transfer solution, together with the droplet water model, 

shows the best agreement with experiments. 

4. Conclusions 

Different modelling approaches are considered for the analysis of thin condensing 

water layer along vertical fins. The results, compared with experimental data, show that 

the discrepancies between different approaches are not negligible. In particular, due to the 

non-uniform Dirichlet boundary condition in the mass diffusion equation, as well as the 

possibility of mixed Dirichlet-Neumann conditions for partially wet fins, the heat and 

mass transfer analogy does not completely reflects the physics of the problem. More 
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important, the actual structure of the water layer, which can be considered as a collection 

of still droplets, as confirmed by experimental evidence, rather than a continuous flowing 

film, has some impact on wall temperature, and a significant effect on both the evaluation 

of the actual water trapped between the fins, and the estimate of extension and shape of 

dry and wet regions. Thus, the combination of full diffusion equation solution should 

provide the most reliable predictions. Comparison with experimental data appears to 

support these considerations, although the uncertainty of literature measured values is 

quite high, in comparison with the magnitude of the differences between different models. 
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List of captions 

Fig.1 – Problem geometry. 

 

Fig. 2 – Sketch of droplet geometry and parameters 

 

Fig. 3 – Film and droplet model comparison, φ0=0.5, v0=0.75 m/s. Left: temperature map. 

Right: color map of predicted average water layer height vs. experimental data (black line, 

[1]) 

 

Fig. 4 – Heat and mass transfer analogy (left column) and full mass transfer equation (right 

column) results comparison. Average water layer height, v0=0.5 m/s. 

 

Fig. 5 – Air velocity effect. φ0=0.5. Interface temperature field 

 

Fig. 6 – x/L=0.25, temperature profiles: comparison between film and droplet model 

 

Fig. 7 – x/L=0.25, temperature profiles. Heat and mass transfer analogy and full diffusion 

equation solution 

 

Fig. 8 – Fin temperature, 25 mm downstream of the inlet. Comparison with experiments 

[1]. 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 

 

 


