Property Transport across the Control Surface

= (pAV), —(pAV ),

In vector form

rhnet = (pA.V)Z + (pA.V)l

CS

Equation above states

If we sum the dot product for all flows into and out of the control
volume, we get the net mass flow rate of the control volume
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If > pV eA>0 ieOutflow(m
CS

)> Inflow(m, ), m_, >0

out net

If > pV e A<0 ieOutflow(m

CS

)< Inflow(rn, ), m_, <0

out net

The net flow rate of an extensive property (B) out of the control
volume is given by:

Bnet = Zb(pV ° A)
cs

Where: pV e A=m

A more general expression of the net flow rate of the extensive
property (B) out of the control volume is given by:

Bnet = Ib(pV ° dA)
cs

Velocity Is Constant

Velocity Is variable
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INTENSIVE AND EXTENSIVE PROPERTIES

Extensive Properties: is Mass Dependent .
Intensive Properties: is Mass Independent

(B) is a Generic Extensive Property
(b) is the corresponding Generic Intensive Property,

The amount of Generic Extensive Property (B) contained
INn a control volume at a given instant is

Bpy = J bdm = f b dl
W cv
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INTENSIVE AND EXTENSIVE PROPERTIES

Reynolds Transport Theorem involves the change of fluid
properties inside the control volume and the flow
properties across the control surface

Control surface —
\

_—— Control volume ——

y
ARy

System at time ¢ System at time r + Ar
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REYNOLDS TRANSPORT THEOREM

Control surface ~\

Control volume

ABin

System at time ¢ System at time ¢ + Ar

The property (B) of the system at time (f)
B,.(O)=B_()+AB,
The property (B) of the system at time (f + Af)

B, (t+At)=B_ (t+Ah)+AB,_,




Control surface ~\

Control volume

ABin

System at time ¢ System at time ¢ + Ar

The rate of change of property (B)

dB,,. : .
* -dB_, +B,, -8B,
dt

dB d -

sy

dt

But p=—2
mass

dbB d
e = = — | bpdQ + | bpV e dA
dt dtc-[pﬂ' !;p '
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REYNOLDS TRANSPORT THEOREM

dbB
dt

sye _ ;_3; prdf:? _|_.[ boV «dA

Equation above is called the Control Volume Equation

For different ports of inlets and outlets, the above equation can be written

dB.. d
v _ 9 [ hpdQ +3 bpV e A
gt dt I P s

c3

In terms of mass flow rate
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SELECTION OF CONTROL VOLUME

For different ports of inlets and outlets In terms of mass flow rate

dB,, d

dB,. d ] . .
dty _ a(;[b,OdQ +§ bpV e A i acj\:bde +§ My, b, _zminbin

Fixed Control Surface Variable Control Surface

_ (b)

Case (a): d(?{“ %0 Case (b): E

08/1.2/2010 Dr. Munzer Ebaid

d




CONTROL VOLUME APPROACH

END OF LECTURE (3)
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