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Non-uniform Velocity 
Distribution
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Example 6.8

Find: The drag force on the device and the vanes?

Velocity is 
Uniform

Velocity 
isn’t 
Uniform
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Given: mDmkggaugekPapgaugekPapsmv air 101015130 3
211 ===== ,,.,.,., ρ
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This problem involves forces in the )(x direction

0=∫
cv

Z dQv
dt
d ρ (Flow is steady) 

The drag force is balanced by the forces on the support vanes   

21 SSD FFF +=

From the force diagram,
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From the Momentum Diagram,
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The velocity at the exit is variable and changes linearly with radius (r),
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Example (6.9)

Find: The frictional force )(F acting on the block?

Block
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This problem involves forces in the ),( zx direction

The momentum accumulation = 0=∫
cv

Z dQv
dt
d ρ (Flow is steady)

From the force diagram,

FFx −=∑

blockZ WNF −=∑
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From the momentum diagram,
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Example (6.10)

Find the accelerating

dt
dv r of the rocket?
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direction)(z

WDApF eez −−=∑

ANALYSIS

• We select a control volume moving with the rocket.
• We select a reference frame fixed to the launch pad.

This problem involves forces in the

From the force diagram,

From the momentum diagram,

∑∑∫∑ −+=
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cv

ZZ vmvmdQv
dt
dF )()( &&ρ

The momentum accumulation = 0≠∫
cv

Z dQv
dt
d ρ
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The acceleration of the rocket 

The term is known as the thrust of the rocket motor (T)
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Force on a Rectangular Sluice Gate

ANALYSIS;

• Velocities near the upper part of the gate are quite low, therefore, 
the pressure distribution is approximately hydrostatic.

• Velocities near the lower part of the gate are quite large.

• The momentum accumulation = 0=∫
cv

Z dQv
dt
d ρ



08/12/201008/12/2010 Dr. Munzer Ebaid Dr. Munzer Ebaid 1717

From the force diagram,
shearGx FFApApF −−−=∑ 21

0, ≈−=− ∫ FpdAFBut
WA

G

From the momentum diagram, 
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Force needed to 
hold the gate 
stationary 
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END OF 
LECTURE (5)


