
TIME DEPENDENT MODEL FOR HEAT TRANSFER AND WATER VAPOR DIFFUSION/ 
ADSORPTION AT THE PHOENIX LANDING SITE.  E. G. Rivera-Valentin1, V. F. Chevrier1, and R. Ulrich2, 
1Arkansas Center for Space and Planetary Sciences (eriverav@uark.edu), 2Dept. of Chemical Engineering, Univer-
sity of Arkansas Fayetteville  

 
Introduction:  The recent Phoenix mission has 

given us many insights into the Martian polar climate 
and the dynamics of the water cycle. This new set of 
data can now be used to further constrain models of 
various processes affecting these dynamics and to find 
the limitations of previous models. 

As seen in Fig. 1, diurnal vapor pressure recorded 
by the Thermal and Electrical Conductivity Probe 
(TECP) shows systematic variations by about 2 orders 
of magnitude [1]. The GCM (Global Circulation 
Model) does not predict such fluctuations in humidity, 
but rather a nearly constant pressure [2]. Since the 
GCM model does not take into account atmospheric 
interactions with the regolith, we may infer that the 
shortcomings of this model in this polar region implies 
that such interactions are significant [1,3].  

Possible processes that may account for such a cou-
pling include adsorption onto regolith grains as well as 
hydration of perchlorate salts [1,3] or equilibrium with 
liquid [4].   

In a first step, we investigate the effect of adsorp-
tion as a potential sink for water vapor [5,6]. We are 
creating an integrated numerical model that accounts 
for both heat and mass transfer of water vapor in the 
regolith, including the effect of adsorption [5]. Using 
this model, we can simulate the effect of adsorption on 
humidity and attempt to relate this to Phoenix observa-
tions.  

 

 
Fig. 1: Water vapor pressure at the Phoenix landing site [1], 
compared to the results from the GCM model. The red curve 
is a Gaussian fit of the data. 
 

Methods:  To model heat transfer, water vapor dif-
fusion, and adsorption in the regolith, we use 
COMSOL Multiphysics, which is a program allowing 

for the simultaneous solution and simulation of multi-
ple differential equations describing various physical 
processes. The diffusion/adsorption and heat transfer 
models were created separately then merged into a 
transient temperature dependent diffusion/adsorption 
model. We especially focus on the kinetics of the vari-
ous processes and their variations with temperature. 
Most other models focus on longer timescales where 
adsorption can be averaged [7]. This though is based 
on the cyclicity of the adsorption process and the as-
sumption that the process occurs instantaneously. 
However, recent studies have shown that slow adsorp-
tion kinetics can strongly affect the diffusion of water 
vapor [5]. Thus, the study of water behavior at short 
timescales (days or weeks) requires the inclusion of the 
adsorption kinetics and the detailed study of the tran-
sient effects. 

Heat Flux Model:  We primarily use the equation 
set proposed by multiple authors to model the heat flux 
incident on the Martian surface to reproduce diurnal 
temperature changes [8,9,10]. We take into account the 
diffusion of the direct solar beam, the indirect solar 
illumination due to scattering, and thermal emission of 
the atmosphere as follows: 
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where Isun is the solar flux received at any given posi-
tion in Mars’ orbit, Iab is the amount of solar flux ab-
sorbed by the atmosphere, A is the surface albedo, z is 
the zenith angle, τ is the opacity of the atmosphere, 
T(z,τ) is the transmission coefficient derived from Pol-
lack (1990) and shown by Rapp [11], fscat and fatm are 
fractions of flux provided by Schmidt et al. [8], ε is 
thermal emissivity of the atmosphere, δ is the solar 
declination, and ϕ is the latitude. We also include geo-
thermal heat flux from below assigned as 30×10-3 
W/m2 [10]. 

We construct a geometry representative of a layer 
of regolith 1 m in width and z meters in depth. Ulrich 
et al. suggest a regolith density of 2000 kg/m3 [10]. 
Considering the unconsolidated nature of the regolith 
found at the Phoenix landing site, we use a lower rego-
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lith density of 1200 kg/m3. For the preliminary model, 
we use the heat capacity and thermal conductivity 
stated by Ulrich et al. of 800 J kg-1 K-1 and 0.1 W m-1 

K-1 [10]. Since the TECP collected data on both the 
heat capacity and thermal conductivity of the Phoenix 
landing site and Zent et al. found that there exists a 
linear relationship between these properties and tem-
perature [12], we will include these data in the later 
model to better simulate the Phoenix landing site.  

Mass Transfer Model:  We use the adsorption and 
diffusion equations provided by Chevrier et al. with 
minor updates [5]. As stated by Chevrier et al., the 
differential equation for the transport of water vapor 
allowing for simultaneous diffusion and adsorption in 
the Martian regolith is:  
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where p is the partial pressure of water vapor, Ψ is a 
constant that corresponds to the thermodynamic part of 
the adsorption process and is defined as: 
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where R is the ideal gas constant, Ts is the temperature 
of the surface, ρH20 is the density of water, ρreg is the 
density of the regolith, As is the specific surface area of 
the regolith, l is the thickness of the adsorbed water 
monolayer, and MH2O is the molecular weight of water. 
The diffusion coefficient, D,  is calculated as follows: 
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where T is the temperature, Ptot is the total pressure, φ 
is the regolith porosity, and q is the tortuosity. The 
model will be tested with and without an ice table to 
precisely study the contribution of sublimating ice. We 
will scale z to observed values of ice table depth (i.e. 6 
to 16 cm [13]).  

Results:  At this moment, we have fully developed 
the heat flux model. We show in Fig. 2 our model pre-
dicted temperature at the surface of the regolith versus 
the observed diurnal temperature change at the Phoe-
nix site. Our model maximum temperature is ~ 244 K 
and minimum temperature is ~ 198 K compared to the 
maximum and minimum temperatures recorded at the 
Phoenix site of 253 K and 181 K respectively [12]. 

Fig. 2: Numerical model of temperature evolution at the 
Phoenix landing site (red), compared to data from the MET 
instrument 2 meters above the surface (blue, [1]) and data 
from the TECP in the soil (grey and black circles [12]). 
 

Overall, our model provides a relatively good esti-
mate of the temperature. The only significant differ-
ence is that our model predicts a temperature about 10 
K lower during the evening. Further refinement of the 
parameters in the model should take care of this issue. 
As of this article, preliminary results for the mass 
transfer model are not available.  

Conclusion:  As can be seen from Fig. 2, our pre-
dicted temperatures correlate well with Phoenix obser-
vations. Our deviation from observations in general is 
~ 13 K. Our predicted temperature profile at a given 
regolith depth in our geometry also matches well with 
Ulrich et al. [4].  

By simulating the mass transfer process at the 
Phoenix landing site, our model will help in under-
standing the observed vapor pressure variations. In 
addition, we will make a versatile model that will also 
include phase change and thus help determining if liq-
uid water can form under present-day conditions.  
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