
 1 

DROP EVAPORATION ON AN ISOTHERMAL OR ADIABATIC SOLID SURFACE 
 

M. Ait Saada
1
, S. Chikh

1
, L. Tadrist

2*
, S. Radev

3
 

1 
USTHB – Faculty of Mechanical and Process Engineering (FGMGP) 

Laboratory of Multiphase Transport and Porous Media (LTPMP)
 

B.P.32, El Alia, Bab Ezzouar 16111 Alger, Algeria 
2 
Aix-Marseille Université, Polytech’Marseille, Laboratoire IUSTI, CNRS UMR 7343,  

Technopôle de Château Gombert, 5 rue Enrico Fermi, 13453 Marseille, France 
3
 Institute of Mechanics, Bulg. Acad. Sci., 4,acad. G. Bonchev str., 1113 Sofia, Bulgaria 

 
Summary  A quasi-steady state diffusion model is developed to simulate numerically the evaporation of a pinned or depinned 

sessile drop of water. A numerical approach based on the finite volume method is adopted to assess heat and mass transfer rates.  
 

 

MATHEMATICAL FORMULATION 

 
Many authors investigated the evaporation of a sessile drop which usually occurs under constant wetting radius 

and variable contact angle or inversely [1- 5]. 

 

 

 

 

 

 

 

Figure 1: Water drop of spherical cap shape deposited on a horizontal substrate.  

 

A 10 mm
3
 droplet of pure water is deposited on a non heating horizontal solid surface, as shown in Fig. 1. The 

evaporation of the drop occurs in surrounding moist air at room temperature T∞ of 25°C and relative humidity Ha 

of 40%. The drop has a shape of a spherical cap controlled by surface tension effect. We assume that  the 

evaporation occurs either in pinned mode where the contact radius R is kept constant and the contact angle  

variable in time or in de-pinned mode where inversely R is variable and  constant in time. The formulation of the 

problem is based on the energy equation in both phases and the concentration equation in the gas phase. The 

dimensionless governing equations are written in toroidal coordinates (, ) in zone (I) and in spherical 

coordinates (r, ) in zone (II), see Fig. 1.  

i) in the liquid phase of zone (I),  
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ii) in the gas phase of zone (I),  
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iii) in zone (II),  
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The variables are scaled with respect to the initial contact radius R0 , far field temperature T, while the 

dimensionless concentration C/)CC(C
*

 
 where )T(CHC va   , )T(C)H1(C va  , Cv(T) 

being the saturation concentration at T. Boundary conditions associated with the governing equations are 

indicated in Fig. 1. Conditions of no temperature or concentration jump as well as conditions of heat or mass flux 

continuity are applied at the interface between zones (I) and (II).  
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In addition the dimensionless mass flux of evaporation from the drop J
*
, must satisfy the local energy balance:  
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  Tc/hJa pgg
 is the Jacob number where hlg  is the latent heat of evaporation and  

gT D/Le   is the 

Lewis number.  

  

Results and discussion. Results are presented in this section for a water drop of 10 mm
3
 with an initial contact 

radius of 1.86 mm, placed on an adiabatic or isothermal solid surface covered by a very thin layer of aluminum 

imposing an initial contact angle of 78°. Fig. 3 presents temperature and concentration fields.  
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Figure 3: Isotherms and iso-concentrations distribution at the beginning of evaporation 

 (T=0.25°C, C=0.0005 g/mm
3
). 

 

CONCLUSION 

 

A quasi steady state diffusion model is considered which combines the heat equation in both liquid and gas phases 

and the mass diffusion equation in the surrounding air. Coupling between heat and mass transfer is achieved by 

accounting for temperature dependency of the saturation concentration at the drop surface and the heat balance at 

the interface. 
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(a) Adiabatic case (ks = 0) (b) Isothermal case (ks  ) 


