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CONTROL VOLUME APPROACH

MASS FLOW RATE

AVQ =&

AVQm ρρ == &&

Volume Flow Rate

Mass Flow Rate

Note: Velocity is constant across the section 
(A-A) 
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CONTROL VOLUME APPROACH

a.   Considering the velocity across the section A-A is variable
b. Considering the density is constant across the section A-A
c.    Velocity is always normal to cross sectional area

Volume Flow Rate ∫=
A

VdAQ&

Mass Flow Rate QVdAVdAm
AA

&& ρρρ === ∫∫
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CONTROL VOLUME APPROACH

In the above Figure, the flow rate is 
given as:

∫=
A

dAVm θρ cos&

Where the differential area         is normal
to velocity flow 

dA

MEAN VELOCITY
A
QV
&

=
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Example (5.1)
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Example (5.2)

Given:  V=12m/s
d=60cm

Find: rate of flow per
meter of width
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Example (5.2)
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CONTROL VOLUME APPROACH

END OF LECTURE (1)


