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Abstract: A new analytical velocity profile between two parallel plates is introduced in this article. It is 
possible to use this velocity profile for both laminar and turbulent flow. All necessary parameters can be 
obtained from the unit flow rate and the pressure drop. We can also use this model in case when the 
material of the upper and lower wall is different. 
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The new analytical velocity profile between two parallel plates has been presented in this paper. It is a 
case of flow governed by a pressure gradient. The situation is depicted in a fig. 1. 

Fig. 1  Velocity profile between two parallel plates. 

The new velocity profile is derived on the basis of the vorticity distribution over the space between 
two parallel plates. This velocity profile can be used for all, laminar, turbulent and the constant 
velocity profile. The derivation of this type of the velocity profile is based on the Biott-Savart law. 

The velocity profile for the case of the symmetrical problem should be expressed by this formula 
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Where Q is an unit flow rate between the parallel plates, h is the half distance between these 
plates,  is the dynamic viscosity, v(av) is the average velocity, all other parameters are clear from the 
fig.1. 

This velocity profile can be, in formal way, compared with the power law velocity profiles 
introduced by Munson (2006) and Janalík (2008). More detailed comments are mentioned in the full 
length paper in CD. These velocity profiles are depicted in the fig. 2. 
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Fig. 2  New velocity profiles in comparison with power law velocity profiles.  

It is also possible to compare the velocity profile near the wall with the logarithm wall law. This 
comparison is depicted in a fig. 3. 

  

Fig. 3 The new velocity profiles comparison with 
log wall law.  

Fig. 4 The Reynolds and viscous shear stresses. 

The viscous stress and the Reynolds stress for three different exponents N are depicted in the 
fig. 4. This cannot be compared with the power law velocity profiles because its shear stress at the 
wall is infinite.    

The new velocity profile based on a vorticity distribution between two parallel plates has been 
presented in this paper. This new velocity profile is better than the power law velocity profiles because 
it has not infinite shear stress close the wall. It means that it is possible to express the Reynolds 
stresses and it is also possible to compare this profile with the logarithmic law near the wall. It is not 
possible to do this in case of the power law velocity profiles because they have infinite derivative near 
the wall. The new velocity profile has only one problem which can be removed. The problem is that 
this profile has zero value of the second derivative in the centre of the channel. It means that there is 
the infinite radius of the curvature in the centre line. It is also necessary to compare this velocity 
profile directly with the experimental velocity profiles. This work can help in the understanding or 
even in the modeling of a boundary shear layers in CFD software. 

Acknowledgement 

This research was funded by Brno University of Technology, Faculty of Mechanical Engineering 
through the project with the number FSI-S-12-2.  

References   

Janalík, J. (2008) Vybrané kapitoly z mechaniky tekutin. VŠB – Technická univerzita Ostrava, ISBN 978-80-
248-1910-5 

Munson, B.R. & Young, D. F. & Okiishi, T.H. (2006) Fundamentals of Fluid Mechanics, Fifth Edition, John 
Wiley & Sons, Inc., ISBN 978-0-471-67582-2. 
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