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IntroductionIntroduction
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The commonly used models for characterizing hydraulic conductivity of 
unsaturated porous media, such as the Burdine or Mualem model rely on 
pore-bundle concepts that account for capillary flow only, neglecting film 
flow phenomena.
 There is a strong experimental evidence that water flow in medium and 
strongly unsaturated porous media can be significantly underestimated by 
these capillary bundle models. Tuller and Or (2001) presented a model 
accounting for both, capillary and film flow. However, their model is quite 
complex and thus cumbersome to implement in a numerical framework.
 We present a new model that combines a simple film film flow function 
with the capillary flow model of Mualem. This new model can easily be 
coupled to any water retention function. Moreover, due to its  mathematical 
simplicity, it can easily and efficiently be implemented in existing codes for 
the numerical solution of unsaturated flow problems.

Fig. 2: Schematic illustration 
of the contributions of 
capillary flow and film flow to 
the overall relative hydraulic 
conductivity.
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TheoryTheory

New film flow model:

Combined capillary and film flow model (see Fig. 2):

Fig. 4: Similar as Fig. 3, 
but data obtained from 
Evaporation experiments.

To test the merit of our new approach we analyzed the water 
retention and conductivity data of three soils obtained from the 
literature (Fig. 2) and three data sets obtained from evaporation 
experiments (Fig. 3) with the method described by Peters and 
Durner (2008). 
 The van Genuchten retention function (van Genuchten, 1980) 
was coupled to the Mualem model (A0) and to the Mualem model 
combined with our constrained (AI), respectively unconstrained 
(AII) film flow function. 
 The coupled retention and conductivity functions were fitted to the 
data according to Peters and Durner (2008).
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ResultsResults

● When capillary flow ceases and film flow becomes dominant the 
classic capillary bundle models (A0)  fail to adequately describe the 
conductivity data. 

● The new model accounting for capillary and film flow overcomes this 
shortcoming.

● The new constrained model (AI) with only one additional parameter 
significantly improves the model fit to the conductivity data of all soils.

● The new unconstrained model (AII) with two additional parameters is 
more flexible, and thus yields a better fit to the retention data for soils 
1, 5 and 7.
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Fig. 3: Water retention and 
conductivity data sets 
obtained from Tuller and Or, 
2001. Model denotation 
according to Tab. 1.

Film flow

Capillary flow

Fig. 1: Sketch for illustration 
of film and capillary flow.
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Combining Equations 1 and 2 with the general capillary conductivity model 
(Hoffmann-Riem, et al., 1999) gives the new unconstrained model:

In the constrained form (τ
2
 = τ) the number of parameters is reduced by 

one.


