ENGR 3443 Fluid Mechanics
Force on a Moving Vane
Problem

Find the force exerted by the fluid jet (V; relative to a stationary observer) on the vane moving
with constant velocity, U (relative to a stationary observer). Note that V; is greater than U.

Fluid Stream

Assume a fluid density of p and a jet area of A.

Solution
The momentum equation is
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Note that the V's in the momentum equation must be relative to the CV. The first term on the

right hand side will be zero as long as the momentum of the CV is not changing (since the

acceleration of the CV is zero in this case, the momentum of the CV is not changing here).

Conservation of Mass is

[ pV.dA= | pf/-d;lzp(Vj—U)A

inlets outlets

Since p and A do not change from 7 to 2 the speed of the fluid leaving and entering the CV is
the same (V;— U). The momentum equation can be rewritten as

SE=m(V,- V|
Equation 1

Now to find V,; and V;.



V=V -Uji
172=(V].— U){cos 0i+sin 9]]

Inserting these expressions into Eq. (1) gives:
ZF:p(Vj—U)zA[(COSQ—1)2‘+sin9]’]
Now identifying the components of the force
F =p(V ~UJ 4[(1-cos0)]
F =p(V ,~UY 4|sin0)

Note that the x-comp. will always be to the left and the y-comp. will always be up. To see the
effects of changing the vane angle one may plot Fx and F,.

Note that both forces vanish when 0 is zero and are maximized when 0 is /2.



