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iJ \ewton's Second Law-The Linear Momentum and Moment-of-Momentum Equations 141

'sltuation ; \.utonts Second Law-The Linear Momentum
.:d \Ioment-of-Momentum Equations

h 5.2,1 Derivation of the Linear Momentum Equation

Newton's second law of motion for a system is

time rate of change of the sum of extemal forces
linear momentum of the system acting on the system

Since momentum is mass times velocity, the momentum of a small particle of mass
pdY is YpdY. Thus, the momentum of the entire system is l_,.Ypd{* and Newton's law
becomes

rntrol voiurr. ,

trol volume -. r
re control \ a

er enters an: DII \o,lY =Dtl )F,. (s.14)

When a control rolumc is coincident with a systcrn at an instant of time. the tbrces
acting on the systcm and the folces acting on thc contents of the coincident contol volume
(see Fig.5.2) rre instantineously identical, that is.

)F,',: )r-,""'..,*" (s'ls)

Fufthermore, for a system and the contents of a coincident conhol volume that is fixed and
nondeforming, the Reynolds tanspo theorem (Eq.4.17 with b set equal to the velocity, and
B,y, being the system momentum) allows us to conclude that
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f FIGURE 5.2 External forces acting on system and
coincident control volume.
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142 Chapter 5 I Finite Cortrol volumt Analysis

vpdv+l..vpy.ff.iA:>Fla Il;ll'"

V5.4 Force
due to a

water jet

5,2,2 Application of the Linear Momentum Equation

The linear momentum equation for the inertial control volume is a vector equation (Eq. 5

In engineering applications, components of this vector equation resolved along ortho5

coordinates, for example, x, y, and z (rectangular coordinate system) or r,0, ar,d x l;,
drical coordinate system), will normally be used. A simple example involving one-di'
sional, steady, incompressible flow is considered first.

XAMPLE 5.5

;a = 0.06 ft'z

I FIGURE E5.5a

NozzLe

Equation 5.16 states that the time rate of change of system linear momentum is ::
pressed as the sum of the two control volume quantities: the time rate of change of the -r
ear momentunt of the contents of the control volume, and the net rate of linear momer:;t

flow through the control surface. As particles of mass move into or out of a control Yolf
through the control surface, they carry linear momentum in or out. Thus, linear momer,:r
flow should seem no more unusual than mass flow.

For a control volume that is hxed (inertial) and nondeforming, Eqs. 5.14, 5.15, and : r
suggest that an appropriate mathematical statement of Newton's second law of motion r

.].
/ I'

t:

We call Eq. 5.11 the linear motnentutfi equation.

The forces involved in Eq. 5.17 are body and surface lbrces that act on what i! -

tained in the control volurne. The only body force we consider in this chapter is the o:.. -
sociated with the action of gravity. We experience this body force as weight. The si: -"
fbrces are basically exerled on the contents of the control volume by material just outsic: :

control volume in contact with material just inside the control volume. For example. i, -
in contact with tluid can exert a reaction surface force on the fluid it bounds. Similarll. : -
iust outside the contro[ volume can push on fluid just inside the control volume at a - -

mon intedace, usually an opening in the control surface through which lluid flow o,. --

As shown in Fig. E5.5a, a horizontal jet of water exits a nozzle with a uniform spet:
V, = 10 ftls, str.ikes a vane, and is turned tfuough an angle 0. Determine the anchoring:r
needed to hold the vane stationary. Neglect gravity and viscous effects.

o
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