Chap.4 SYSTEMS, CONTROL VOLUMES,
CONSERVATION OF MASS, AND THE

REYNOLDS TRANSPORT THEOREM

4.1 System versus Control Volume
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4.2 Conservation of Mass: Continuity
Equation—-One—-Dimensional Steady Flow
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Conservation of system mass:
(M, +mg); = (Mg +Mg) g
Steady flow - (mg), =(My), 4
(M, )y = (Mg) 1t

piAdS, = p, Ads,

ds,

dt

P AV, = p,AV, =m <« mass flow rate (4.1)

P1A1— =P A — =

m = pAV =const.| in 1-D steady flow




Note:

1. Volume flow rate Q = AV
For constant—density 1-D steady flow,
Q=const=AV,=AV,

2. Non—uniform cross—sectional vel. (Fig. 4.2)
— Eq. (4.1) is valid with V = mean velocity
(Read text)



4.3 Conservation of Mass: Continuity
Equation—=Two—-Dimensional Steady Flow

| gL sYstem Aouno&ar_j
i at t'me t+t

control surface
amel SYystem baunofarj
ot ¢'me t

As in 1-D flow, (m,), = (M), 4

-tam;en"é'-'a—e . 20 cmtr,‘éu.f?m
cmﬁoneﬂt to mass flow
acress C.5.

o
U, = .7 = |7||n)cose = |V ecoso
- wErmaj 7 = outward umit
! component Normel vector

C.S.

(Mg) g = dt _[ p\?-ﬁdA

CSout

(m,), = dt j jcsm oV-(~n)dA = —dt jcsm oV -ndA

ICS p\?-ﬁdA+”CS p\?-ﬁdA:O:jJ'CSpQ-ﬁdA

out

(Sum of normal mass flux across entire C.S. = 0)



Note: Conservation of system mass
— in terms of C.S. (or C.V.)
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Conservation of mass equation for
2-D steady flow in a differential form

if p=const in space
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4.4 Reynolds Transport Theorem

Conservation of mass
Conservation of momentum
Conservation of energy
etc

System — Control volume

Reynolds transport theorem

E: system A9 mass, momentum %=+

energy
i - T A =Y mass, momentum BT
energy
E= _midm: jﬂipdv
SyStem SyStem
=1 > mass

| =V — momentum

| =gz — potential energy
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e Application to conservation of mass
(E=m, i=1)

Conservation of system mass — C;—T =0
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If the flow is steady (0/6t =0) or the fluid is

incompressible and uniform density

(”LV pdV- = const ), then
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CS;

CS

out

Conservation of mass
equation for steady flow
or incompressible

For 1-D steady flow uniform density fluid
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