5.76 Water is draining from a pressurized tark as shown in the
figure. The exit velocity is given by

V.= (2 +2gh
P

where p is the pressure in the tank, p is the water density, and h
is the elevation of the water surface above the outlet. The depth
of the water in the tank is 2 m. The tank has a cross-sectional
area of 1 m*, and the exit area of the pipe is 10 cm”. The pres-
sure in the tank is maintained at 10 kPa. Find the time required
to empty the tank. Compare this value with the time required if
the tank is not pressurized.
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5.9 When gage A indicates a pressure of 120 kPa gage, the
cavitation just starts to occur in the venturi meter. If D =4l
cm and d = 10 ¢m, what is the water discharge in the system fo
this condition of incipient cavitation? The atmospheric pressun
is 100 kPa gage, and the water temperature is 10°C. Neglec
gravitational effects.

PROBLEM 5.96
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Problem Definition

Situation: Decelerating tank of gasoline with pressure equal to
Zero gage at top rear end.

Find:

1. Pressure (psfe and kPa, gage) at top front of tank.
2. Maximum pressure (psfg and kPa, gage) in tank.
Assumptions:

1. Deceleration is constant.
2. Gasoline is incompressible.
Properties: v = 42 Ibf/ft* (6.60 kN./m’)

Plan

1. Apply Euler’s equation, Eq. (4.8), along top of tank.
Elevation, z, is constant.

2. Ewvaluate pressure at top front.

3. Maximum pressure will be at front bottom. Apply Euler’s
equation from top to bottom at front of tank.

4. Using result from step 2, evaluate pressure at front bottom.

Solution

1. Euler’s equation along the top of the tank
d_E -— S
ge it

Integration from back (1) to front (2}

P2—p, = —pagAl = —g agAf

2. Evaluation of p, with p;, = 0

3
=_[‘M] % (=10 ftfs”) % 20 ft

322 fifs”

261 psie

In SI units

_{5.5{1 KN/m®|
9.81 mis” /

={12.5 kPa, gage

4 =

% (~3.05m/s’) x 6.1 m

3. Euler’s equation in verical direction
d
Zp+y2) =—pa,

4. For vertical direction, a, = 0. Integration from top of tank
(2) to botiom (3):
P+ Y2, = Py T YEy
Py =py+y(z—z;)
ps = 261 IbFf” +42 bR’ x6 fi
In ST units
py =125 KN/m” + 6.6 kN/m x 183 m

p3; =|24.6 kPa, gage




Problem No. 3. (6 Points)
A flow has the following velocity field

V=(10t+x)i-yzj+5 k
a) Does the above ¢ v W

_ quation satisfy the continuity equation? Why?
b) What is the acceleration of a particle at position (3, 1,0) m and at time t = 1 s?

A W -
) s "> e R O 4 wuwsk he  FTele 1
B*\ b?( % satis . ff?vtumlky T WL At

- <
>3~ K, 2V =3 @}i: o
oY ! 3—y ~ # 3% e
’ \

S '

e Y
N L R S A - :\;1
\ }b(. ' 5\1 ' ‘gﬁ‘ \

> Nl‘ §q+|$f-\1 C.JI\-J-:‘NOL&:\';y %M—_‘jl‘bﬂ

bo,e\SL a_'- 4 dV & Dz ';—"‘G
A X 9 Iy

h) a\ Wdw o U o4 x s o Ao
o \ }x v >R S At

= ([0t 1 x) (1) compempiimat =X %) (2) £ 2 4. O

= lo} Xk la = Io_,_g*gk\:)Lz__\g)
e YAk oVl to A\ FP)
N et

= T ©
==

—_—

aX Y Q3 ke
S
~ (N tx)Lls) ae(l2) {=2) 64 (=1) +0

e

\:‘l@oe\:a—f"ﬁ e NES

O( \Maw-\—\/}qu‘- ai‘f‘ d\

—‘—“

(b—{-—t-X\ [o:L_f Je__g)\v) L GtYe) + ek
— & . 0o 4+ |0 Lo ) ™M/~
(

o= 234G -5 +\oK

L2l \/13"&5} vae)t = 51573 wm/fgt

wvuealllicu vy walliovalll 1<l




5.76: PROBLEM DEFINITION

Situation:
Water drains from a pressurized tank.

Vo= /2 +9gh; by = 2 m.
A = T A = Them®,

Find:
Time for the tank to empty with given supply pressure.
Time for the tank to empty if supply pressure is zero.

Properties:
p =10 kPa.
Water, Table A.5: p = 1000 kg/m?.

| PLAN |

Apply the continuity equation. Define a control surface coincident with the tank
walls and the top of the fluid in the tank.

| SOLUTION

Continuity equation

av
5 = Paals
Density is constant. The differential volume is Adh so the above equation becomes
Adh
= = i
AcVe
or
Adh

. Sy

Am/g—f + 2¢gh

Integrating this equation gives

A 1 p 1/2 5
—Zg <— o 2gh> ‘hg* At
o 1/2 1/2
s 2 (2 )" (2)
Acg p p
3

and for A =1 m? A, =10° m? h, = 2 m, p = 10 kPa and p = 1000 kg/m? results
in

|At = 3208 or 548 minl (supply pressure of 10 kPa)

For zero pressure in the tank, the time to empty is

At = i e —639 s or
A, g

| At = 10.6 min | (supply pressure of zero)
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5.96: PROBLEM DEFINITION

Situation:
Clavitation in a venturi section.

D =40em, d = 10cm.
Find:
Discharge for incipient cavitation.

Properties:
Water (10°C), Table A.5: p = 1000kg/ m?.
B4 = 120%kPa, Puiem = 1T00kPa.

| PLAN I

Apply the continuity equation and the Bernoulli equation.

| SOLUTION

Cavitation will occur when the pressure reaches the vapor pressure of the liquid
(py = 1, 230 Pa abs).

Bernoulli equation

2 2
p £ Viirroa
pa+ QA = Pthroat + th2 !

where V, = Q/A4 = Q/((w/4) x 0.40%)

Continuity equation

Q _ Q
Athroat 7T/4 X (010 m)2

Véhroat =

P
E(I/tiroat - VAz) = PA — Pthroat

p(Q)? 1 1
2 | (/) % (0.10mP)  ((n/4) x (0A0m)°)
— 920,000 Pa — 1,230 Pa
500Q2(16, 211 — 63) = 218, 770 Pa

Q) = 0.165 m®/s
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