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Conservation of laws 2
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Reynolds Transport Theorem (RTT)-overview ;

* A system [also called a closed system] 1s a quantity of matter of fixed 1dentity. No mass can cross a system
boundary.

* A control volume [also called an open system] i1s a region 1n space chosen for study. Mass can cross a control
surface (the surface of the control volume).

* The fundamental conservation laws (conservation of mass, energy, etc.) apply directly to systems.

* However, 1n most fluid mechanics problems, control volume analysis 1s preferred over system analysis (for the
same reason that the Eulerian description 1s usually preferred over the Lagrangian description).

* Therefore, we need to transform the conservation laws from a system to a control volume. This 1s accomplished
with the Reynolds transport theorem (RTT).
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Analogy Between the Material Derivative and the RTT 4

The material derivative 1s used
to transform from Lagrangian to
Eulerian descriptions for
differential analysis

Lagrangian

description I

Differential analysis /
I A .

The Reynolds transport
theorem i1s used to transform
from system to control volume
for integral analysis

Control

volume
analysis

System
analysis

P}
lllll
llllll

lllll

lllll

=== F ME 6125, Oct 25 Dr. Abdul \ziz Shuvo

%) IMPACT Lab
Interfacial Multiscale
= Physics and Transport

llllllll
T
lllll
=




Reynolds Transport Theorem (RTT) 5

Control volume at time ¢t + At

(CV remains fixed in time) D B.. = Bev, (the system and CV concide at time ¢)
System (material volume) /
and cnnth)llvnlume at time ¢ B Ay = BCV ke BI A —+ BH A
(shaded region) 8YS, I+ , 1+ At , I+ At -3+ Al
System at time ¢ + At
(hatched region)
\ Bsys,r-*—ﬁr Bf-:.ys f M_ BCV,I BI,;+&I +ﬁ1._1_+_m -
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Inflow during At

At time £: Sys =CV
Attime t +Af: Sys=CV —1+11
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Reynolds Transport Theorem (RTT) :
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Reynolds Transport Theorem (RTT) 7
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[ .eibniz theorem 9
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