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CONTROL VOLUME APPROACH

MASS FLOW RATE

Volume Flow Rate
Mass Flow Rate [ StoRspy\y,

Cross-sectional
area 4

Note: Velocity is constant across the section
(A-A)
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CONTROL VOLUME APPROACH

a. Considering the velocity across the section A-A is variable
b. Considering the density is constant across the section A-A
c. Velocity is always normal to cross sectional area

Volume Flow Rate
A

VTNl ™ = [ pVdA = p[VdA = 0Q
A A
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CONTROL VOLUME APPROACH

In the above Fiqure, the flow rate is

m = _[,oV cos@dA
A

given as:

Where the differential area is normal
to velocity flow

MEAN VELOCITY
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Example (5.3)

P :
The water velocity in the channel shown in the accofnpanying figure has
a distribution across the vertical section equal to u/u, =Ay/d)". What is the dis-
charge in the channel if the channel is 2 m deep (d = 2 m) and 5 m wide and the
maximum velocity is 3 m/s? |
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Example (5.3

Solution The discharge is given by

Q:I:uﬂ

The channel is 5 m wide, so the differential area is 5 dy. Thus
y

Y
0= jumt:w}‘ﬁﬁdy

_ Sy [2 4
- dll‘fjn dy

_ 2 32
4723

2

0

_9Xx3 2 32 _ oo 3
—Eﬁ.‘—fi.‘ﬂ:z =20m /s <
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CONTROL VOLUME APPROACH

a. System: The mass of a system is constant

b. Control Volume[(®'8] : Is defined as a volume in space

c. Control Surface : is the surface enclosing the control volume.

ﬁ Water surface K

/ Control surface x

| __—— Control volume ——_

System System

Time ¢ Time t + At
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CONTROL VOLUME APPROACH

Mg (1) =M, (1) + AM;,

MSys (t+At) =M, (t + At) + AM_,

By definition, the mass of the system is constant

M, (T +AL) +AM,, =M, (T) + AM,,
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Example 5.4 (P149)

%_min_mout _ /-5
dt oA 1000 x10

=0.0002m/s =0.72m/h
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Example 5.5 (p. 155)

A =0.0025 m?

|— surface
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Solution By drawing a control surface to enclose the entire tank, we observe that

there are two streams crossing the control surface, one entering and one leaving. Apply-
ing the continuity equation, we have

The mass flow rate out is

M, = pQ = 1000 kg/m" x 0.003 m° /s
= 3kg/s

The mass flow rate in is

m; = pVA
= 1000 kg/m’ x 7 m/s x 0.0025 m*
=175 kp/s
From the continuity equation,
dM

_..E!=1T -
o -3

= 145 kg/s
suﬂaemisamﬂaﬁnginﬁeganka;ﬂgrﬂ;pﬂ&ﬁ kg/s.



Example 5.7a (p. 157)

10-cm diameter

How long will take (t=?) for the water to drop from hO= 2m to hf=0.5 ?
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d
o = (oA Y )
10-cm diameter

dh(

—(AV),, =—
(AV )y =

Ar)

~(AVZGN Yo = S ()
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Noting now that A,/ /2gA, is constant, we integrate the differential equation m:lget
~2A7 Bl -

= +C
JTEA] ey
The constant of integration is evaluated by arbitrarily letting + = 0 when & = hg. Then.
24, s

C= 1 A1 e
Jogh,

Thus, for this particular example, the elapsed time fﬂrthewaterlawelm.dmpﬁm
hy=2mto hfhﬂﬂﬂmun]]be ;

24
{ = 2L (9l 517

J2gA,
AT=1-TD2=E:::11=EI“1
T 010y = 001 ™) 2
Ar=T010) 11[]1(4)“*1

f= 2T 1 414-0707)=319s

J2g(m/4x0.01)




Continuity Equation for flow in a Pipe

dM_C\/=0
dt

If the flow is steady, then
(PAV), = (pAV),

Control
surface

(AV), = (AV),

Ql =Q2
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As shown in the accompanying figure, water flows steadily into a tank through pi
md!_md@ischmgeamasteadymtﬂmstﬂfmemﬂkthmuZhPEPmSamiig'[l‘glt;!:a:ll
mlmt:.ruﬁnﬂnw_andmtﬂnwhpipes 1,2, and 3 is 50 ft/s, and the hypothetical out-
ﬂuwve]pmtymplpealvaﬁﬁ]inﬂadyfrumztmattfmwaﬂmanmximmat&mmnmr
cafthep:!pﬂ.%atmﬁmmassrateﬂfﬂuwmdﬂmdischarge&mnpipe4,mﬂwha!is
the maximum velocity in pipe 47

Diameter = 1 in. —>

Control surface

4

|
|
Diameter = 2 in. |
|
|

P —

o




Qi+ 0y =0+,

Qs =0, +0y,-0,
= Vid, + VA, - V34,

= 50 x E{DEI—D§+D§}

=50xT x—{I +4 - 2.25)

= EL?_S[} ft’/s
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Vmax

V zvm - r
rg=r To . V-Fm( Tr-o)
o ; ,
Q=j v.:m=j Vol 1= L J2mrdr
A 0 5 Fi
— : o T-\ 2.1 1 i
Q = Eﬂvmjﬂ ( - :ﬂgf{if‘ == EﬂFmrﬂ{i - E} = E-n-ravm
3 .
= 2= DS g6 s <

8 lax ()’ A2




Example 5.12 (p. 163)

Water with a density of 1000 kg/m’ flows through a vertical venturimeter as shown, A
pressure gage is connected across two taps in the pipe (1) and the throat (2). The area ratio
Agroar” Agipe 18 0.5. The velocity in the pipe is 10 m/s. Find the pressure difference re-
corded by the pressure gage. Assume the flow has a uniform velocity distribution and that
viscous effects are not important.

Find the pressure difference recorded by the pressure gauge?
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e e = = = = == = = & ® Wi
Solution The Bemoulli equation is used to relate the pressures at stations (1) and (2):
Vi V;

p|+"fzx+p§=pz+'rzz+p§

The steady-flow continuity equation is used to find the velocity ratio between taps 2
and 1:

2 o4
Vi A
Define the zero elevation at the gage location. Thﬂwatermme]mesfrmnﬂmpmssm.
taps to the gage is static, so the pressure at the upsntmnmnnﬂcuﬂnmthﬂgagﬂ}pgl.u
Py, =P+ VY :
mﬂﬂmmmﬂmmﬂdﬂwmm:mcmnemumpﬂ,is

Pe, = P2t Y243
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CONTROL VOLUME APPROACH

The Bernoulli equation simplifies to
BB

Po*P% =Py tPy

and the pressure across the gage is

Pe—Pgy=D(V3- VD)

Vi
Using the steady-flow continuity equation,

_ 1000 kg/m’ x 10*(m°/s

2
} a2

= 150 kPa
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CONTROL VOLUME APPROACH

Differential form of continuity equation

0

(pu)+ 2 (o) + -2 (ow)

- _|_ -
OX oy 0z

If the flow is steady, the above equation becomes,

ox

If the flow is incompressible pRASGIERERNY . the above equation becomes,

ou ov ow
+—+—=

—+—+—=0
oX oy 0z
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Example 5.13 (p. 169)

The expression V = 10xi - 10yj is said to represent the velocity for a two-dimensional
incompressible flow. Check it to see whether it satisfies continuity.

Solution
i=10r so %=10
ox
=y w0 P=_ig
dy
du dv_ _
6‘x+3} 10-10=0
Continuity is satisfied.
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CONTROL VOLUME APPROACH

THE END
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