
M E 320   Professor John M. Cimbala Lecture 17  
 

Today, we will: 
 

• Briefly discuss the control volume angular momentum equation and do an example 
• Discuss dimensional analysis and similarity, and the method of repeating variables 

 

F. Conservation of Angular Momentum  
1. Equations and definitions 
See derivation in the book, using the Reynolds transport theorem (RTT). We set 

angular momentum B H r mV= = = ×  and b B / m r V= = × . The result is: 

 

 
We simplify the control surface integral for cases in which there are well-defined inlets and 
outlets, just as we did previously for mass, energy, and momentum. The result is: 

 
Note that we cannot define an “angular momentum flux correction factor” like we did 
previously for the kinetic energy and momentum flux terms. Furthermore, many problems we 
consider in this course are steady.  For steady flow, Eq. 6-50 reduces to: 

 
 
 
 = −  
 
 
 
 

Finally, in many cases, we are concerned about only one axis of rotation, and we simplify Eq. 
6-51 to a scalar equation, 

 
Equation 6-52 is the form of the angular momentum control volume equation that we will 
most often use, noting that r is the shortest distance (i.e., the normal distance) between the 
point about which moments are taken and the line of action of the force or velocity being 
considered. By convention, counterclockwise moments are positive. 

Net moment or 
torque acting on 
the control volume 
by external means 

Rate of flow of 
angular momentum 
into the control 
volume by mass flow

Rate of flow of 
angular momentum 
out of the control 
volume by mass flow

(Relative velocity)



2. Examples 
See Examples 6-8 and 6-9 in the book. Example 6-8 is discussed in more detail here. 
 

 

 
 
 
 

 

These moments are  
moments acting on the CV. These moments are  moments 

due to angular momentum. 



 
 



IV. DIMENSIONAL ANALYSIS AND MODELING  (Chapter 7) 
A. Primary Dimensions: 
  {m}      {L}     {t}          {T}                   {I}                    {C}                        {N} 
 mass,   length,  time,  temperature,   elec. current,   intensity of light,  amount of matter 
 
 All other dimensions can be formed by combination of these 7 primary dimensions. 
 
 
 
 

Example: Primary dimensions – shear stress, force per unit length, and power 
(a) Given: In fluid mechanics, shear stress τ  is expressed in units of N/m2. 
 

To do: Express the primary dimensions of τ , i.e., write an expression for {τ }. 
 

Solution: 
 
 
 
 
 
 
(b) Given: Ray is conducting an experiment in which quantity a has dimensions of force per 
unit length. 
 

To do: Express the primary dimensions of a , i.e., write an expression for {a }. 
 

Solution: 
 
 
 
 
 
 
(c) Given: Power W  has the dimensions of energy per unit time. 
 

To do: Write the dimensions of power in terms of primary dimensions. 
 

Solution: 
 
 
 
 
 
 
 



B. Dimensional Homogeneity 
 

 All additive terms in an equation must have the same dimensions. 
 
 
 



  
 
 
 
 



3. The Method of Repeating Variables 
 

There are 6 steps that comprise the method of repeating variables. These are listed concisely 
in Fig. 7-22 in the text, as repeated below: 
 

 
  

The final functional relationship is given as the dependent Π, Π1, as a function of the 
independent Π’s, Π2, Π3, … , Πk, i.e., ( )1 2 3, ,  ... , kfΠ = Π Π Π  
 
Guidelines for choosing the repeating variables in Step 4 of the method of repeating 
variables: (See Table 7-3 in the text for more details): 

 

 
 

Step 4 is often the most difficult 
or mysterious step. There are 
guidelines provided in Table 7-3, 
but it takes practice to know 
which repeating variables to 
choose wisely. 



4. Examples 
Example: Dimensional analysis – drag on a 
car 
 

Given: The drag force FD on a car is a function 
of four variables: air velocity V, air density 
ρ, air viscosity μ, and the length L of the car. 

 

To do: Express this relationship in terms of 
nondimensional parameters. 

 

Solution: We follow the six steps for the 
method of repeating variables. 

 
 
 

 V 

μ, ρ 

 A = frontal area 

FD 

L 



 
 
 
 
 
 



 
 
 



 
 
 
 



Guidelines for Manipulating the Π Parameters 
 

There are several guidelines for manipulating the Π parameters. These guidelines are listed 
concisely in Table 7-4 in the text, as summarized below: See Table 7-4 for more details. 
 

 

 
 

The goal is to get each Π into a form that looks like one of the common named, established 
nondimensional parameters that are listed in Table 7-5 in the text. Some of the most popular 
and often-used ones are listed below. A more exhaustive list is given in the text. 

 

 

 

 

 

 
 
 
 

 

 

Reynolds number is the most important nondimensional parameter in fluid mechanics. 


