Basic Laws for Finite Systems
Moving-System Control-Volume Relation
System = defined quantity of matter
Control volume = fixed volume in the flow domain

B = quantity (mass, momentum, angular momentum, or
energy) per unit volume.

Total amount of property in a finite system
B@®) = [B(x,y,z,t)dV dv = volume element

Time rate of change of the total property of a moving

system
DB lim B(t+At)—-B(f)
Dt At—0 At

- Control Volume and System
c.V.

r— System at time t:
\»:1.: wrat  B(t)=B(t)+ By (t)
3
«—evT L™ System at time 7 + Af:
B(t + At) = B, (t + At) + By (t + At)

T FLE

sSysTEM RT ¥

DB _ lim (By(t+At)+ By (t+At)) — (B (1) + B, (1))

Dt At—0 At
lim Bs(t+At)— B (t+Af)
At — 0 At

DB/ Dt = Rate of change in CV + Inflow/ Quiflow through CS




Time rate of change of the property (B; + B,)in the control

volume _
lim BCV(I+‘5I)-BCV(I):§BCV jﬁd‘v’

At = 0 At ot af Cv

Inflow = By (f + Af) and Outflow =53 (t + Ar)
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Flow Through the Control Surface

V- Umpunent of velocity normal to the control surface
V -AAt = length of fluid crossing through dA in time Af
V. nArdA volume through dA in time Af.

BV - AiltdA =the property through dA in time Af

Total amount of property flow rate crossing the control

surface
lim B3(I+AI)—BI(I+M)= jﬁI?-ﬁdA

At —> 0 At 6

V .7 =V cosO = positive for out flow (0 <60 <90) and
negative for inflow (90 <0 <180)

Reynolds Transport Theorem

DB _0 (gav+ [B7-hdd
Dt afcy cs



Conservation of Mass
Total property = B = [Bd¥ = mass = [pdV and 8 = p

Conservation of mass

-—D—(mass)—%— 0 | BdV + [BV - 7dA=0

[pdv + [pV-AdA=0
@‘CV cs

For steady flow

[pV -#dA=0
CS
Incompressible (constant density and filled CV)
[V -#dA=0 steady or unsteady
cs

Example: Steady incompressible flow in a variable arca channel

V -7 is zero at a solid surface
[V -hdA+ [V -hdA=0
4 %)
— [udA+ Jud4 =0 u=(|udAd)/ A
4 Ay A
ElAl ZﬁzAz or VIAI = V2A2
Compressible Flow: p1 Vi Ay = paVaAy



Flow through a cross section
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Vdt = distance front advances in time dt
AVdt = volume through A time dt
dv | dt = AV = ¢(m’ / 5)
= yvolume flow rate through the cross section
pAV =dm/dt = m (kg/s) = mass flow rate down the duct
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Example 2.1 Find the velocity at the liquid surface in the
tank given the volume flow rate ¢,, from the nozzle
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Control volume 1:
[V-Ad4=0  for steady flow
CS
_VIAl +qn =0 aﬂd V} :ql’ﬂa"'lAl
Control volume 2:
C [pad¥ + [V -hdA+ [V -hdA=0
A

Ot cv A

G, .
'a_I[Pa(H —h) A4y + phAy ] = pa AVy + Py =0

dh dh
—0 — A+ p— 4y —p, 4V +pgq, =0
Pa dt 1 pdl‘ 1~ Pa1¥1 ™ Pln

Surface velocity V; =—dh/dt and then V| = ¢,/ 4



Example: Determine the maximum velocity ¥, at section 2
for incompressible fluid flow in the length of circular pipe.
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UNIFORM PARABaLIC
V=V V= Ve (1-77k*)

Flow enters the pipe with a nearly uniform velocity profile.

Friction slows the flow nearer the wall and, consequently,
speeds up the flow nearer the center.

After some distance, the entry length, the velocity profile
no longer changes and the flow is fully developed.

There is a balance between pressure and friction forces.
The velocity profile is parabolic
u=v,1-r*/R?%)

[V-hdd=—V 4+ [V-hdAd=0
)

cs
R 2
Vid = Judd=V,[(1-—)2nrdr
Aa 0 R
2 4
g 1 1
= oW, (5= s = VR = Vo =V A

v, =2¥,.



