Reynolds Transport Theorem

Extensive B Intensive b= CV(t n At) n: unl.t vgctor normal to
CS, pointing OUT of CV

\' =B per unit mass
Cs(t + At) — o
Bcy = | bpdv dA - _
" c!/ ’ cv(t) e n V_) dA =dAn
' ' V : flow velocity vector
Cs(t) 7 ‘,/
LV |
dA | Gained” Volume
n__p
“Lost” Volume “/
dB B — B
Definition: —— = lim ———=) (0

dt At—0 At
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Reynolds Transport Theorem

7 : unit vector normal to

: Intensive b=
Extensive B =nBt'i)nes;:Ie,1it e CV(t'I'dt) CS, pointing M of CV
_ CS(t+dt) 7 —
. /O I : flow velocity vector
cst)  \ A v
L)V
dA “Gained” Volume
B

Elementary mass rate coming
out of (if >0) or into (if<0) CV

“Lost” Volume

NOTE: In general V is the velocity with which CS moves. Here we consider that the CS moves with the flow.
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Applications of Reynolds Transport Theorem

dBCV
at

2 [ bpd¥+ [ bpV.dA=[, X Bdv+ [ bpV.dA
B=mass m =» p=1

dmCV
dt

9 = —
= —JoypdV+ [ pV.dA=0

CV(t+dt)

Conservation of mass

Mcey = Mip - Moyt

Steady flow:

Min = Moyt
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Applications of Reynolds Transport Theorem

dBCV — 0 7 _)_ a(bp) - —
at Efcvbpdv+ JesbpV.dA= ], 5, AV + JogbpV.dA

B= momentumf—b b=V

CV(t+dt)

deV_ 0 — - - —
==, VpdV + [ VpV.dA

Steady flow:

d]_)CV . - - —
= VpV.d4A
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Applications of Reynolds Transport Theorem

By _ 2 V4= [, 200
—— = 2oy bpdY + [ bpV.dA=], av + fcspr dA
B= momentum ] b=V
Uniform inflow and outflow CS A,

fAl I71 PV{ M, dA; =- Vl) pViA, =- V1) pQ = — m71> d What about the integral
over the sides of CS?
fAz Vo0V, 1y dA, =V, pVodAy =V, pQ = ml;
. d .
z Fopp = — = (v, — V;) (Steady Flow)
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Example 6.6 of the Textbook

The drag force of a bullet-shaped device may be measured )’ Fext Zi % fCV I_/)pdv + fCS I_/)pl_/) : d_A>

using a wind tunnel. The tunnel is round with a diameter

of 1 m, the pressure at section 1 is 1.5 kPa gage, the ﬂ

pressure at section 2 is 1.0 kPa gage, and air density is dJ N
1.0 kg/m’. At the inlet, the velocity is uniform with a 2 Fextn= = fCS V.pV. dA
magnitude of 30 m/s. At the exit, the velocity varies

linearly as shown in the sketch. Determine the drag ﬂ

force on the device and support vanes. Neglect viscous
resistance at the wall, and assume pressure is uniform
across sections 1 and 2.

Vi pVy . dA; + V. oV, . dA.
pl SUPpc}:;:vancs F: fCSl 1PV1 1 fCSZ 2 PV2 2

—Drag + p1A; — prA; =

.| -Drag f/ Drag | ﬁ
}_;._>_:’ *t=C IT : nD?
piA; 7 \ -+ —Drag + (p1—p2)——=
/
@ v —sz nD? 42 ,DVZ D2
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‘==‘—==Cé3/?F_ A (unit+ normalvector) ~er” .
© fgﬁ’é‘ﬁﬁﬁ"éﬁu @ Vi Example 6.6 of the Textbook (continued)
"
C.Sy
. Z dA 7'1,'D2
@ l .
SDK )d'A‘ ‘—f(V,; ( Vf) dA = --f g(dj‘-...
€Sy <8y C.$q
. = - VZ_A.l
. in statoy © j&w is uu:j,om., Y
a ln stabiou @) : V M = !\-‘I {thc:S(fSO‘j: Y (_{):_V? )
C‘Lq\?: =1 —
® y KV%’(‘? 1)dA=g( v (o () 4A =g .(vfu
Vo dA. DZ s, (@ 9y [y
fcsz 2 PV2 2= ﬁ;l _bdE CD;(O)- @ =
r — :
V2 N Vmax_ < = gR-V?‘(r) 2qvdoe l!‘j
R © o ;
V; = EV Als o COv(‘I‘M m47 veeiutrea VA= §v2 [znr)ir‘ =
max 2 ﬁva TR - S Max(

)(209) d = szjx o= 2“;“" % '
7

Reynolds Transport Theorem



Applications of Reynolds Transport Theorem

dBCV

[ bpdv+ [ bpV.dA= [, Pav+ [ bpV.dA

2
B=energy E (kinetic + potential) == b= (V? + gz)

dig‘/:% C( +gz)pd‘v’+ fcs( +gz)pV dA

Steady flow:

2

dEcy vV =2 T
= fcs(7+gz) oV . dA
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Applications of Reynolds Transport Theorem

dt

T = 2 bpd¥+ [ bpV.dh=[,CPdv+ [ bpV.dA

B=volume v == b=1/p

CS
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Wey _ [0 )dv+ V.dA=0
_j ot f R CV(t+dt)

Reynolds Transport Theorem
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