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Thin liquid film flows over substrates with topography play a key role in many coating 

processes. The features of such coated films will be influenced by the underlying 

substrate profile, and this non-uniformity may lead to variations in coating thickness or 

even instabilities. The present paper focuses on eddy generation, mass transfer and 

mixing of gravity-driven flow over substrates with wavy and triangular profiles, whose 

geometry and notations are shown in Fig.1 and Fig.2.   

 
 

Fig.1 Geometry and notations of the flow over 
wavy substrate 

Fig.2 Geometry and notations of the flow over 
triangular substrate 

                                                        
1 Unpublished. ISCST shall not be responsible for statements or opinions contained in papers or printed in its 
publications. 



Although a few such analyses of relevance to coating flows have been reported [1-4], in 

this paper the mechanisms of mass transfer and mixing from eddies are analyzed by 

making use of computational techniques. The streamlines of the flow are obtained using a 

Galerkin Finite Element Method. Based on the calculations, the formation and evolution 

of vortices in the flow are visualized. The influence of the plate topography and 

shear-thinning coefficient on the film flow is investigated by parameter studies. In the 

calculations, BC 5000 and B1000 silicon oil in reference [3] are chosen and the 

inclination angle of the substrate is 45°. 

This flow has been shown to produce a rich variety of eddies and regions of recirculating 

flow whose characteristics depend strongly on the topography. Quantitative measures of  

 
a) a = 4π/5 b) a = π c) a = 11π/10 d) a = 7π/5 

Fig.3 Streamline patterns at h = 2π and λ=2π with increasing waviness a 

 

 

a) D = 1.57 b) D = 2.25 c) D = 3.14 d) D = 4.71 
Fig.4 Streamline patterns at h = π/2 and λ=2π with increasing waviness D 



 

a) h = 3π/10 b) h = π/2 c) h = π d) h = 2π 
Fig.5 Streamline patterns at waviness a = π and λ=2π with increasing film thickness 

 

 
a) h = 0.5 b) h = 1.57 c) h = 2.36 d) h = 4.71 
Fig.6 Streamline patterns at λ=2π and D = 3.14, w=5.8 with increasing film thickness 

the vortex size as a function of the waviness and film thickness are shown in Fig.3 to 

Fig.6.The flow separation is also indicated by negative values of the wall shear stress, and 

the shear stresses variation with waviness a, film thickness h and shear-thinning rate n 

along the substrate with wavy or triangular profile are shown in Fig.7 and Fig. 8. It also 

can be seen that the vortices do not apparently change with n. 

It is shown from the above results that for both Newtonian and non-Newtonian flow, the 

vortices are generated when the waviness of the bottom profile or the film thickness is  

 
a) λ = 2π, h=2π and increasing 

waviness a 
b) λ = 2π , a=3.14 and increasing 

film thickness h 
c) λ = 2π, a = 4π/5, h = 2π and 

the decreasing 
shear-thinning rate n 

Fig.7 Bottom shear stress along wavy-plate 



 
a) λ = 2π, h=1.57, w=5. 80 and 

increasing waviness D 
b) λ = 2π, D = 3.14, w = 5.80 and 

the increasing h 
c) h = 3.14, λ = 2π , D=3.14, 
w=5.80 and the decreasing 

shear-thinning rate n  
Fig.8 Bottom shear stress along triangular substrate 

beyond a critical number. By increasing the waviness or film thickness, a second or third 

vortex can be generated. The critical waviness and film thickness depend on the 

wavelength, the amplitude and the inclination angle of the bottom profile 
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