
Derivation of the cross-sectional area of the virtual channel 
 
 

Cross-section of the virtual channel can be divided into a trapezoid and two segments, one on 
each side. The width of the channel at the top wt changes with bulging and can be expressed as a 
function of the sidewall radius of curvature RS and the bottom contact angle θS.  This is 
illustrated in Fig. A1. 

 
Fig. A1: Cross-section of the virtual channel. 

 
The total cross-sectional area A is given then by 
 
 𝐴 = 𝐴𝑇 + 2𝐴𝑆  (A1) 

 
where AT is the trapezoid area and AS is the segment area.  
The area of a trapezoid is defined as 
 
 𝐴𝑇 = ℎ(𝑤𝑡 + 𝑤)/2 (A2) 

 
The width at the top is defined as 
 
 𝑤𝑡 = 𝑤 − 2𝑐 (A3) 
 
where c = RS sin θS.  Substituting A3 into A2 and simplifying leads to the trapezoid area 
 
 𝐴𝑇 = ℎ(𝑤 − 𝑅𝑆 𝑠𝑖𝑛 𝜃𝑆)       (A4) 
 
The area of a circular segment is defined as 
 𝐴𝑆 =    𝑅𝑠
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Substituting A4 and A5 into A1 yields the cross-sectional area of a virtual channel as: 
 
 𝐴 =  ℎ(𝑤 − 𝑅𝑆 𝑠𝑖𝑛 𝜃𝑆) +   𝑅𝑠
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 = ℎ𝑤 −  𝑅𝑠 sin 𝜃𝑠(ℎ +𝑅𝑠) + 𝜃𝑠
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