CONTROL VOLUME APPROACH

Derivation of Continuity Equation
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Example 5.5 (p. 155)

4 =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 5.6b 156

The river discharges into the reservoir shown at a rate of 400,000 ft*/s (cfs), Hl’hﬂ'ﬂE:
ﬂutﬂnwratﬁfm:nthemenrnuthmughﬂleﬂnwpassagasmﬂwdamwiﬁﬂfmcfsIE
the reservoir surface area is 40 mi®, what is the rate of rise of water in the reservoir?

O = 400,000 cfs

QO = 250,000 cfs

0 = 250,000 cfs

Find the rate of rise of water in the reservoir? (dh/dt)
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and because p is constant,
ZE;-ZEE:{}
=" c3

Applied to this example, we have
@i+ 0.-0Q; =0

Qe + 250,000 ﬂjfs - 400000 /s =0
Q1ee = 150,000 £t/

Ve e SRt

Qrie 15 Teated 10 Ve by Vijep Ag, Where Ay is the area of the reservoir. Then we have
8 o

_ 150,000 ft°/s By

Viise = 2 1.2, .2 &

40 mi” % (5280) "/ mi o

Rate of rise = 134 x 1078t/ 2

or Ve = 0.484 ft./hr ;

08/1.2/2010 Dr. Munzer Ebaid




Example 5.7a (p. 157)
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10-cm diameter
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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)




Example 5.8 (p. 159)

Methane escapes through a small (1077 m?) hole in a 10-m? tank. The methane escapes

so slowly that the temperature in the tank remains constant at 23°C. The mass flow rate

of methane through the hole is given by m =0.66pA/ J/RT, where p is the pressure in

the tank, A is the area of the hole, R is the gas constant, and T is the temperature in the
Jtank. Calculate the time required for the absolute pressure in the tank to decrease from
/ 500 to 400 kPa.

Find the time required for the Absolute pressure in the tank to decrease

2
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Solution Consider a control surface that just encloses the tank. Writing the continuity
equation for the control volume, we have

Ejmpd# R —

d .
dr(p¥}+m—ﬂ

The tank volume is constant, so
dp/dt = -t/ ¥

p=pRT dp=dp(RT)  dp_ _eeAdRTd
pP W

;= 132¥, Po
AJRT p
where py is the initial pressure. Substituting in the appropriate values, we calculate

1.52(10 m°)

/2
(107 m:J(S 1skﬁ3m K)

500
400

=86x10"s

= In

or approximately 1 day.
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CONTROL VOLUME APPROACH
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END OF LECTURE (4)
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