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Recall the Reynolds Transport Theorem: 
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Linear Momentum Equation (LME) 
In this section we’ll consider Newton’s 2nd law applied to a control volume of fluid.  Recall that linear 
momentum is a vector quantity (it has both magnitude and direction) and is given by the mass*velocity.  In 
words and in mathematical terms, Newton’s 2nd Law for a system is: 
 
The rate of change of a system’s linear momentum is equal to the net force acting on the system. 
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= Fon system  (26) 

 
 
where D/Dt is the Lagrangian derivative (implying that we’re using the rate of change as we follow the 
system), V is the volume, and ρ is the density.  The quantity, uXYZ, represents the velocity of a small piece 
of fluid in the system with respect to an inertial (aka non-accelerating) coordinate system XYZ (recall 
that Newton’s 2nd law holds strictly for inertial coordinate systems).  Note that a coordinate system moving 
at a constant velocity in a straight line is non-accelerating and thus is inertial.   
 
The term, Fon system, represents the net forces acting on the system.  These forces can be of two different 
types.  The first are body forces, Fbody, and the second are surface forces, Fsurface.  Body forces are those 
forces that act on each piece of fluid in the system.  Examples include gravitational and electro-magnetic 
forces.  Surface forces are those forces acting only at the surface of the system.  Examples of surface forces 
include pressure and shear forces.  Thus,  

on system body on system surface on system= +F F F  (27) 

 
Using the Reynolds Transport Theorem to convert the left hand side of Eq. (20) from a system point of 
view to an expression for a control volume gives: 
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Since the Reynolds Transport Theorem is applied to a coincident system and control volume, the forces 
acting on the system will also act on the control volume.  Thus, the LME for a CV becomes: 
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  LME for a CV (29) 
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