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4.3.  Fluid deflection

Whenever the direction of flow of a fluid is altered by, for example, it striking a
fixed plate, then the plate exerts a force on the fluid.  By Newton’s third law, the
fluid exerts an equal and opposite force on the plate.

Example 1.  Suppose that a horizontal jet of fluid strikes a vertical circular
plate in such a way that it is deflected evenly all around the plate:

Consider a control volume that encloses the fluid between where it strikes the
plate and leaves it as illustrated above.

The pressure is atmospheric pressure all around the control volume, where the
fluid enters it and where it leaves it.  So there are no pressure forces.
Neglecting the weight of the fluid, there are no body forces.
There is a structural force Fs exerted by the plate on the fluid, shown as its two
components, Fsx and Fsy, both drawn in the positive x and y directions.

What is the velocity of the water as it leaves the plate?  Apply Bernoulli,
neglecting changes in height.

You should find that the velocity of the jet exiting the control volume is exactly
the same as that entering it, except that its direction has changed.

The fluid leaving the control volume has no component of velocity in the x-
direction, since the fluid will flow over the vertical plate.  Therefore, in the x-
direction,

inxoutxx MMF �−�=� ��

∴ jsx um0F �−=   Fsx therefore acts to the left.
In the vertical direction, all the upward components of fluid velocity leaving the
control volume will balance all the downward components.  There is no y-
component to the velocity entering the control volume.  Furthermore, a force
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parallel to the plate would be a shear force acting on the fluid; but this is not
possible in an ideal “frictionless” fluid, so Fsy must be 0.
Thus, the force on the plate is a horizontal force of –Fsx.  It will act to the right
and have a magnitude of jum� .

Example 2

 A jet strikes a plate as shown in the diagram ab
25°.  The mass flow rate in the jet is 1.5 kgs-1 an
the force exerted on the plate.

First, we need to find the mass flow rates 1m�  an
volume which encloses the part of the fluid with
perpendicular to the plate surface, as shown be

As above, there is no structural force parallel to
inxoutxx MMF �−�=� ��

∴ θ−−= sinumumum0 21 ���

∴ θ=− sinmmm 21 ��� ∴ 1mm 21 =− ��

From continuity, mmm 21 ��� =+ ∴ 1mm 21 =+ ��

From equations (1) and (2) we find that 1.1m1 =�

To find the force exerted on the plate, first find t
the control volume the surface of which cuts the
Try drawing a suitable control volume yourself.
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As before, applying Bernoulli
shows that u1 = u2 = u.

 the plate.  So in the x-direction:

75.030sin5. =°  kgs-1 (1)

5.  kgs-1 (2)

25  kgs-1 and 375.0m2 =�  kgs-1

he force exerted on the fluid in
 jets after they leave the plate.
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Apply the force-momen

In the x-direction: F�

umcosumF 211sx −θ−= ��

∴  Fsx = -67.54 N
Note that outx mM� −= ��

because the componen
according to my specifi

In the y-direction: F�

−θ= sinumF 11sy �

∴   Fsy = 14.12 N

Therefore, the force ex
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