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A mathematical limerick: 
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6. Forces on Objects Immersed in a Fluid Flow 
 
The force acting on an object immersed in a fluid flow is comprised of the force due to pressure variations 
over the surface and the force due to viscous shear stresses. 
 
If we know the pressure (p) and shear stress (τ) distribution over the object, then: 
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where FP is the force due to the pressure component, FS is the force due to the shear stress component, and 
A is the surface area of the object. 
 
The component of the force acting in the direction parallel to the incoming flow is known as the drag force, 
FD, and the component perpendicular to the incoming flow is known as the lift force, FL.   
 
 
Notes: 
1. The pressure force component of the drag is known as form drag while the shear stress drag component 

is known as the skin friction drag. 
 
2. A streamlined body is one in which the (skin friction drag) >> (form drag). 
 
 
 
 

A bluff body is one in which the (form drag) >> (skin friction drag). 
 
 
 
 
 
 
3. The lift and drag are often expressed in dimensionless form as a lift and drag coefficient, CD and CL: 
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where A is usually the frontal projected area (area seen from the front) for a bluff body or the planform 
area (the area seen from above) for a streamlined body. 
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Commonly used curve fits to the curve shown above are: 

 ReD < 1: CD = 24/ReD  (Stokes’ drag law) 
 ReD < 5: CD = 24/ReD (1+3/16ReD)  (Oseen’s approximation) 

 0 d ReD d 2*105: CD = 24/ReD + 6/(1+ReD
0.5) + 0.4 

 ReD < 2*105: CD = 0.44 (Newton’s Law) 
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The following is from White, F.M, Fluid Mechanics, 3
rd

 ed, McGraw-Hill. 
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The following is from White, F.M, Fluid Mechanics, 3
rd

 ed, McGraw-Hill. 
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Copied from Kensrud, J.R., 2010, Determining Aerodynamic Properties of Sports Balls in Situ, M.S. 

Thesis, Washington State University. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.youtube.com/watch?v=Ulp6dsF4iVA 
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measure the lift forces on a baseball in three different stitch orientations.  Watts and 

Ferrer‟s experimental setup mounted a baseball on a shaft and was placed in a wind 

tunnel.  A device was used to spin the ball while another was used to measure the lift 

force on the ball.  A ratio of  𝜋𝐷𝜔/𝑉 , where D is the diameter of the ball, was used to 

plot their results against the three published data sets for 𝐶𝐿of a rotating sphere.  Results 

for 𝐶𝐿 differed from the Sikorsky, Briggs, and Davies, but was consistent with Bearman 

and Harvey (see Figure 2.15).   

 

Figure 2.15 - Lift coefficient data comparing several data sets. 
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Airfoils 
 

 
(Image from:  https://en.wikipedia.org/wiki/Airfoil) 

 
 
 
What generates lift? 
 

       
(Image from:  http://www.aviation-history.com/theory/lift.htm) 
 
 
 
 
 
 
 
  

patm 

acceleration toward center of curvature 

patm 
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(Image from:  http://www.aviationchief.com/angle-of-attack.html) 
 
 
Lift and Drag Coefficients 

 
 
 

 
 
 
 
NACA (National Advisory Committee for Aeronautics) Airfoil Database: 
http://airfoiltools.com/search/index?m%5Bgrp%5D=naca4d&m%5Bsort%5D=1 
UIUC Airfoil Database: 
https://m-selig.ae.illinois.edu/ads/coord_database.html 
XFOIL Subsonic Airfoil Development System: 
http://web.mit.edu/drela/Public/web/xfoil/ 

angle of attack, a 

Different line colors 
correspond to different 
Reynolds numbers based 
on chord length. 

 
(Image from:  http://www3.eng.cam.ac.uk/outreach/Project-
resources/Wind-turbine/howwingswork.pdf) 
 
 


