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Recap Vs *%[’V %

Reynolds transport theorem (RTT) for a fixed, nondeforming control volume (CV)

d(Bsyst) - %(IcvﬂpdV) 4 jcsﬂp(V-ﬁ)dA

dt
This relation permits to change from a system
approach to control volume (CV) approach.

where

B, = any property of fluid (mass, momentum, enthalpy,etc.)
S = intensive property of fluid (per unit mass basis)
o = density of fluid
d¥- = elemental volume
(\7 -ﬁ)dA = elemental volume flux

LV =volume integral over the control volume (CV)

LS =surface integral over the control surface (CS)

Similar expression adopted by other books:

%(Bsyst) - %(Icvﬂpd{#) + [ BpV-i)a
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Conservation of Mass | *f?;/ﬁy ) o

Reynolds transport theorem (RTT) with B = mass and so, 8 = 1; accordingly

__mass

mass

:%(msyst) = %(LV pdV) + p(V-ﬁ)dA

d Vol
:>—I pd¥  + I p(V-n)dA =0 4—

dt °v s Control volume expression for conservation of
mass, commonly known as continuity equation.
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Conservation of Mass

. d
For steady flow i.e. Z( )=0 ——_—

J =0 B ' 3 \ V>0
thipd¥+jcsp( A)dd =0

N Csp(ff A)dd =0 (if)

Va<0

The integrand in the mass flow rate integral represents the product of the component of velocity, V
perpendicular to the small portion of the control surface and the differential area, dA.

As shown in figure (dot product)
(\7 ‘n ) —+ve ; +ve for flow out from the control volume

(\7 -ﬁ) =—ve : -ve for flow in to the control volume

Equation (ii) states that in steady flow, the mass flows entering and leaving the control
volume (CV) must balance exactly.
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Conservation of Mass

When all of the differential quantities are summed over the entire control surfaces;

Icsp({f.ﬁ)dA =0 EZ(,OAV)Out—Z(pAV)in

:Zmout_zmin :O

— Zmin = Zmout

<4

Mass continuity equation

For incompressible flows, (o =constant through the flow system)

- Z(AV)in = Z(AV)out

— ZQin — ZQout
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Problem
Both pistons are moving to the left , but piston A has a speed =L Diarmeter = 6 in
twice as great as that of piston B. Is the water level in the tank Diameter = 3 in. l '
(a) rising, (b) not moving up or down, or (c) falling? l
What is the requirement of velocity ratio, V, : Vg to keep the — —
water level same in the tank? T \A /’ T
B
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Problem | ‘“*?["F ﬁﬁ

A worker is performing maintenance in a small rectangular tank with a height of 3 m and square base 1.8 m
by 1.8 m. Fresh air enters though a 200 mm diameter hose and exists through a 100 mm diameter port on
the tank wall. Assume the flow to be steady and incompressible.

(a) Determine the exchange rate needed for the ventilation safety of the worker inside the tank. A complete
change of air every 3 minutes (Air Change per Hour, ACH = 20) has been generally accepted by
industry as per ventilation requirement.

(b) Determine the velocity of the air entering and existing the tank at this exchange rate.
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Problem (Unsteady flow) Vs f??“["ﬁ' %

The tank in Fig. is being filled with water by two one-dimensional inlets. Air Tank area A

is trapped at the top of the tank. The water height is h. :“" —————— ‘:
(a) Find an expression for the change in water height dh/dt. | p, :
(b) Compute dh/dt if D, = 25 mm, D, = 75 mm, V, = 0.75 m/s, V, = 0.60 | ‘ |
m/s, and A;= 0.2 m?, _IJI_ o B
h Pu B
Rxdcs
Solution:
General Continuity Equation in integral form applied to the shown control volume
ij pdV+I p(\_}-ﬁ)dAIO Unsteady,ij‘C pd¥ # 0
dt Jev Cs dt °V
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R

d Tank area A
E(J.CV'OCHL)_'QAIVI =P, A4V,=0 :————7/ ______ ]
I
=0 | h |
Now, (air is trapped, no change | k |
of air mass with time) ' j_
d d d d [ I —
Gl p) = G ma) = G oudch) + ket - 1) = T
4 ]
d dh T e
= 4] o)< a % =
Thus,
dh _ pAY + p, AV,
dt prt
N dh AV, + A4V
dt 4
dh _ O +0,
= —= Ans. (a)
dt 4
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_dh_Q+0,
dt A

t

dh  7/AD}V,+x/AD;V,
dt A
:%:oms m/s  Ans. (b)

=
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Problem (Unsteady flow) Pra *%["F ﬁ@

A 1.5 m high, 1 m diameter cylindrical water tank whose top is open to
the atmosphere is initially filled with water. Now, the discharge plug near v
the bottom of the tank is pulled out, and a water jet whose diameter is
0.01 m streams out (Fig.). The average velocity of the jet is given by:

|

|

I/jet = V 2gh (m/S) hg — |{
where h is the height of water in the tank measured from the center of E
i

the hole and g is the gravitational acceleration. Determine "I 2

(i) How long it will take for the water level in the tank to drop to 0.75 m 0
from the bottom?

(i) How long it will take to empty the tank?

lD .

Solution:

General Continuity Equation in integral form applied to the shown control volume

% jcvpd{L + v“csp(‘_} .ﬁ)dA =0 Unsteady, % jcvpdl?L = 0
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Problem (Unsteady flow)

d \/ v
Now, = T )da = N - -
dt .[CV par + Jcs P <V n)dA 0 | Water f
i |
d |
— —(mCV)+ ijethet =0 No inflow; only out flow through the i :
dt hole (+ve) ho i i
|
) hy| M i i lecu
Moy = p¥F = p(ZDtank xhj h=h(t); mq =f(t) [ | ;
0 I Dok "l l
T — —
ijetI/jet — IO(ZDJZetj zgh I/jet = zgh - f(t)
Then, y
— — p(EDénkth +p £Dj2et Vzgh:()
dt 4 4
d
= —{(Dénk x h)}= —(Dit 2gh d
dt ! Unsteady, 5 ICV pd¥ # 0
dh D’
— = = |\/2gh
dt Dtank
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Problem (Unsteady flow)

2 . - A

= dt = — Dtank dh E Water :

V 2g Jet : 3

i |

Now, integrating from ¢ = 0 at which h = h, to t = t at which h = h, ""T i |

I |

' |

jt dt tank j l E i
oy 2g o A

2 | —l+1 1"
— 1 Dtank h ’
V 2g Jet — l + 1
L 2
1 Dink \/ﬁ g
Jg2 D,
V \/> Dtank
g/ DJet Time required to reduce the water height from h, to h;
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Problem (Unsteady flow)

Time required for the water level in the tank to drop to 0.75 m from the bottom: +—p -+

|

!

VhO_Vht D‘ink é
\/g/z D]i:t hﬂ—i
|

|

|

|

|

J1.5-40.75 17 . |l
“lsogs = 5\/?20 7 =1619.7s=27min | <(— [ |

[ =

0.01°

Time required to empty the water tank:

e
T fg/2 0017

= 5530 s=92 min <

Time requirement is NOT linear (rather non-linear)
(AN UNSTEADY PROBLEM)

Homework:
Plot the water height, h versus time, t
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Problem (Unsteady flow)

Methane escapes through a small (107 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 meth-

ane through the hole is given by m

0.66 pA/ VRT, 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 tank. Calculate the
time required for the absolute pressure in the tank to decrease

from 500 to 400 kPa.

« There is no mass inflow:
Z m; =0
cs

« Mass out flow rate is

3 =066 L
= VRT

Substi‘mting terms into the continuity equation gives

dt  RT
B. Equation for elapsed time:
« Use ideal gas law for p:
)
v—|=—) =-066——
dt \RT RT
« Because R and T are constant,
dp 0o PAVRT
a7 ¥

o Next, separate variables:

d|
Gi = —0.66 4
r

RTdt
:Vl

» Integrating the equation and substituting limits for
initial and final pressure gives

o L52¥ P
AVRT  Pr

4. Elapsed time:

1.52(10 m*)

4o ] )‘
(107" m )(SIS—kg_ < X300 K

t=

Review the Solution and the Process

1. Discussion. The time corresponds to approximately one
day.

2. Knowledge. Because the ideal gas law is used, the
pressure and temperature have to be in absolute values.
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