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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. 

U∞ dA 
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large wake 

bluff body 
(use the frontal projected area) 

streamlined body 
(use the planform area) 
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Flow Around a Cylinder (or Sphere) As a Function of Reynolds Number 
 

Note:  Re VD
ν

=  

 
 
Re << 1  

(creeping or Stoke’s flow) 
 
 
 
 
 
 
 
5 < Re < 50 

(fixed eddies) 
 
 
 
 
 
 
 
60 < Re < 5000 

(Karman Vortex Street,  
periodic shedding of vortices) 

 
 
 
 
 
 
5000 < Re < 200,000 
 
 
 
 
 
 
Re ≈ 200,000 

(drag crisis) 
 
 
 
 
 
 
 
Re > 200,000 
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(From Batchelor, G.K., An Introduction to Fluid Dynamics, Cambridge University Press.) 
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(From Van Dyke, M., An Album of Fluid Motion, Parabolic Press.) 
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(From Van Dyke, M., An Album of Fluid Motion, Parabolic Press.) 
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Notes: 
1. The periodic shedding of vortices off the object results in periodic forces exerted on the object in the 

cross-stream direction.  The Tacoma Narrows bridge disaster (figure shown below) occurred because 
a structural natural frequency of the bridge matched the frequency of the shedding vortices. 

 
 
 
 
 
 
 
 
 
 
 
 
2. Experimental measurements have shown that the dimensionless frequency of the shedding vortices, 

f, expressed as a Strouhal number, i.e., St = fD/V, remains relatively constant at 0.2 for 100 < ReD < 
1*106. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The fact that the Strouhal number is insensitive to the Reynolds number over a wide range of 
Reynolds numbers has been used to design a flow velocity meter known as the vortex flow meter 
(shown below). 
 
 
 
 
 
 
 
 
 
 
 
 
 
By measuring the frequency of the forces acting on the obstruction (of known size) and knowing that 
the Strouhal number is approximately equal to 0.2, the flow velocity can be estimated.   

 
The Tacoma Narrows bridge collapsed in 1940.  

 
Re = VD/ν 

 
(Figure from White, F.M., Fluid Mechanics, McGraw-Hill.) 

 

St = fV/D 
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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 ≤ ReD ≤ 2*105: CD = 24/ReD + 6/(1+ReD
0.5) + 0.4 

 ReD < 2*105: CD = 0.44 (Newton’s Law) 
 

  

 

drag crisis 

 
 

drag crisis 
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Note: 
 
The Reynolds number for a 95 mph baseball and a 170 mph golf ball are approximately 206,000 and 
213,000, respectively.  Hence, both are near the drag crisis!

 
 
From the data we observe that increasing the roughness of the surface causes the drag crisis to 
occur at a smaller Reynolds number. 
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The following is from White, F.M, Fluid Mechanics, 3rd ed, McGraw-Hill. 

 

 975 



   

C. Wassgren  Last Updated:  16 Nov 2016 
Chapter 09:  Boundary Layers 

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