Reynolds Transport Theorem (RTT)

e RTT transforms the governing differential equations (GDE’s) from a
system to a control volume (CV):

DBgys d
= —| Bpa¥ +| BpVp-dA
Dt dt cvV CS
timerate of change  imerate of change net flux of B
of B for a system of Bin CV across CS

where, f = g—i = (1,[, e) for B = (m,mV,E)

e FixedaCV,

DBsys _ 4 Ay + V-dA
Dt 4t Cvﬁp Csﬁp_ A



57:020 Fluids Mechanics Fall2016

Momentum Equation

e RTTwithB=mVandp =V,

0
| voav+ [ vov-an=3r
0t Jey cs

e Simplified form:
»(my), . —X(my), =3%F
or in component forms,

Z(mu)out —yx(mu)y, = 2Fx
Z(mv)out _ Z(mv)in ZFy
Z(mw)out - Z(mw)in = 2K
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Note: If V = ui + vj + wk
is normal to CS, m = pVA4,
where V = |K|
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Momentum Equation — Contd.

e External forces: ‘pr!"ff*j*“_"e
P Pl.g:luL‘AI oree)
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XF = ZEbody + X Fsurface T 2Eother ! l}-\]\—\l'———

0 Z “body — Z 1 gravity

2 Eoravity: gravity force (i.e., weight)
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TFR (Reaction force)

An 180° elbow supported by the ground

0 Z urface — Z ressure T ZEfriction + ZEother N
In most flow systems, the force F

consists of weights, pressure forces,

* ZEpressure: pressure forces normal to CS and reaction forces. Gage pressures

e YFiction: Viscous friction forces tangent to CS are used here since atmospheric
LEfriction . . & pressure cancels out on all sides

O Y. F,iher: anchoring forces or reaction forces of the control surface.

Note: Surface forces arise as the CV is isolated from its surroundings, similarly to
drawing a free-body diagram. A well-chosen CV exposes only the forces that are to
be determined and a minimum number of other forces
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Example (Bend)

|
Section |
Vi (M~ Db, =400 mm

L Inlet (1):
my = pV14,

. U =0
V1 = 0
Outlet (2):
Dz = , m, = pVaA;
200 mm , uz = —Vz COS 4‘50
U, VU, = _VZ sin 45°

(Mmu) oyt — (Mu)iy, = (pVo42)(—=V, cos45°) — (pV14,)(V4)
(M) oyt — (M) = (pV242)(—V, sin45°) — (pV14,)(0)

Since pV; A, = pV5A,,
(Mu) oue — (Mwin = —(pV242)(V; cos 45° + V;)
(M) out — (MV)in = —pV5 A, sin 45°
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Example — Contd.

Faz
I l : YE:
sectin “‘ L L 1) Body force =0
T N O R T | 2) Pressure force = p;A; + p,A, cos 45°
PiAs AN 3) Anchoring force = —F
Ax
XE:
1) Body force = —W,, — W,
D, = 2) Pressure force = p,A, sin 45°
Py A, sin 450" e 3) Anchoring force = —F,,

¥ : poA, cos 45°

Thus,
_(pVZAZ)(VZ cos45° + Vl) = plAl + pZAZ cos 45° — FA.X'
—pV4A,sin45° = —y¥, — W, + p,A,sin45° — F,,

~ Fye = (pVoA)(V, cos45° + V) + p1 Ay + pA, cos 45°
F,, = pV£A, sin45° — y¥, — W, + p,A, sin 45°
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