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CIVE 3434 Fluid Mechanics and Hydraulics
Fall 2005
Exercise_04 02

Find the time for the tank to drain from A=3 meters to 4=0.5 meters.
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CIVE 3434 Fluid Mechanics and Hydraulics
Fall 2005
Exercise_04_03

A tank containing oil is to be pressurized to decrease the draining time. The tank shown
in the figure is 2 meters in diameter and 6 meters high (the top of the tank is closed). The
oil is originally at a level of 5 meters. The oil has density 880 kg/m®. The outlet port has
a diameter of 2 cm and the outlet velocity is given by,

e

V,= 2gh+2—p
P

Where p is the gage pressure in the tank, pis the density of the oil, and 4 is the elevation
of the surface above the hole. Assume that the temperature of the air in the tank remains
constant (isothermal). The pressure in the air is given by

(L-h) _
(L—h) Pam

P=(P,+ Pum)

Where L is the height of the tank, p, is the atmospheric pressure, and the subscript o
refers to the starting conditions. The initial pressure in the tank is 300 kPa and the
atmospheric pressure is 100 kPa.

Applying continuity, the drainage equation is

dh__4 2gh + 2p
dt A, p
Where A, is the area of the outlet port and Aris the area of the tank.Integrate this

equation numerically to predict the oil depth with time (for 1-minute time intervals) for
one hour of draining.
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# Worksheet for CIVE 3434 Tank Drain Problem

# Input
h(t=0)
De

Dt

p(0)
patm

g9

L

r

5 meters

0.02 meters

2 meters
3.00E+05 Pa
1.00E+05 Pa

6 meters

Time (sec) Time(min) Depth (h)

0

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140

=
COWO~NOOUNEWN=2O0O

[ T T T G G QT G
OCOO~NOOBTDWN-

5

4.84E+00
4. 70E+£00

initial depth

outlet diameter

tank diameter

initial pressure

atmospheric pressure

9.8 meters/sec/: gravitational acceleration constant
tank height

1000 kg/meter*3 oil density

(De/Dt)y*2  p(t)

2gh+2p/rhc dH/dt
1.00E-04 3.00E+05 6.98E+02 -2.64E-03

1.00E-04 2.45E+05 5.85E+02 -2.42E-03
100F-04 2 N7E+N5 & NRE+N2 .2 25F.N3

4.56
4.43
4.32
4.20
4.09
3.99
3.89
3.79
3.70
3.61
3.53
3.44
3.36
3.28
3.21
3.14

Oil Depth (meters)
O =2 N W b 00 O

0 20 40
Time (minutes)

60

3.06E+00

1.00E-04 3.62E+04 1.33E+02 -1.15E-03
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userone --Page 4 9/19/2005
CIVE 3434 Fluid Mechanics and Hydraulics
Fall 2005
EX 04 04

Repeat exercise 04_02 using the same kind of numerical model you developed for 04 03
and confirm that the analytical solution and the numerical solution are close.

Fom 04 oz

L, Aat)=hE) _ Jb
¢ %o r.df d¢

7iot)-AE) b _ JLY)
6/14’“’5’?' /0)7/224

Aoy smat! A€

Thes
///Mg) A/{)+A£[ é) g/ﬂ j

\_/—\/\_—_..._.___-r-"/
Lse s qpea@ G ot

VP éd.fd /”V o
Ly

d = 003
D = ﬂ‘ré’”

%;/ ZZ /)‘/}7‘(/ 4/&):&3744


cleveland
Typewritten Text
Page 126

cleveland
Typewritten Text

cleveland
Typewritten Text
---------


Page 127

# Worksheet for CIVE 3434 time to drain

# Input

d 0.03 outlet diameter

D 0.6 tank diameter

g 9.8 gravitational acceleration constant
h(0) 3 initial tank depth

Time(sec) Depth (meters) dH/dt 35—
0 3 -0.01917
10  2.808297105 -0.01855 3
20 2622820315 -0.01792
30 2443573143 -0.0173 05 1
40 2270559354 -0.01668
50 2.103783001 -0.01605
60 1.943248451 -0.01543
70 1.788960429 -0.0148
80 1.640924065 -0.01418
90 1.499144941 -0.01355
100  1.363629165 -0.01292
110 1.234383441 -0.0123
120 1111415164 -0.01167
130  0.994732536 -0.01104
140 0.884344703 -0.01041 0 - T :

150 0.780261935 -0.00978 0 20 40 60 80 100 120 140 160 180 200 220 240 260
160 0.682495843 -0.00914 Time (seconds)

170  0.591059668 -0.00851
180 0.505968653 -0.00787
190 0427240538 -0.00723Y__

200 0.354896246 -0.00659 |}, [m?e, Yhon V8O secs.
210  0.288960831 -0.00595

220 0.229464863 -0.0053
230 0.176446521 -0.00465

Water Depth (meters)
P
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