[3.26: PROBLEM DEFINITION

Situation:
An odd tank contains water, air and a liquid.
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Find:
Maximum gage pressure (kPa).
Where will maximum pressure occur.
Hydrostatic force (in kN) on top of the last chamber, surface CD.

Properties:
Vwater — 9810 N/m3

1. To find the maximum pressure, apply the manometer equation.
2. To find the hydrostatic force, multiply pressure times area.

1. Manometer eqn. (start at surface AB; neglect pressure changes in the air; end at
the bottom of the liquid reservoir)

0+4 X740 +3X3V0,0 = Pmax
= 13m x 9,810N/m?
= 127,530 N/m’

pmax

Dax = 127.53 kPa

= Maximum pressure will be at the bottom of the liquid that has a specific
gravity of S = 3.

2. Hydrostatic force

Fop = pA
= (127,530N/m? — 1m x 3 x 9810N/m?*) x 1 m?
| Fop = 98.1 kN|
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|3.27: PROBLEM DEFINITION

Situation:
A steel pipe is connected to a steel chamber.
{=0.75m, W = 2700 N.
Dy =0.25¢, z, = 5.

Dy=10,8=12.
— [—d=1n¢
3
_ Steel pipe
_ Liguid (s =1.2)
4¢ o
_ Steel chamber
FﬂlequEﬁl
}
o | sorsnn shercs e
Find:

Force exerted on chamber by bolts (N).

Properties:
Vwater — 9810 N/ Hl3.

Apply equilibrium and the hydrostatic equation.

1. Equilibrium. (system is the steel structure plus the liquid within)

(Force exerted by bolts) + (Weight of the liquid) +
(Weight of the steel) = (Pressure force acting on the bottom of the free body )

Fp 4+ Wiquia + W5 = p2As (1)
2. Hydrostatic equation (location 1 is on surface; location 2 at the bottom)

]2‘1‘2'1 = Pz +22
Y

P)/liquid
b2
0+5%¢ = ————+0
1'27water
P2 = 1'27water5£

= 1.2x9810 x 5 x 0.75
44,145 Pa
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3. Area )

4. Weight of liquid

md? r£3
L?r]iquid = (AQE + T‘i{) "}‘]lqu] ..4. ) 1 2) Vwater

= ((04—12111]{ ft) + ”(07‘”“ )(12 ) (9810 N/m®)
= 487T.1N

5. Substitute numbers into Eq. (1)

Fpp + (4877.1N) + (2700N) = (44145N /m?) (0.442m?)
Fp = 11935N

Fp=11935 N




|3.45: PROBLEM DEFINITION

Situation:
A manometer is connected to a pipe which is going in and out of the page; pipe
center is at the “+” symbol.

Specific gravity = 1.00

Specific gravity = 2.00

Find:
Determine if the gage pressure at the center of the pipe is:
(a) negative
(b) positive
(c) zero

Apply the manometer equation and justify the solution using calculations.

Manometer equation. (add up pressures from the pipe center to the open end of the
manometer)

Ppipe + (0.15 m)(9810 N/m”) + (0.3 m)(2 x 9810 N/m*) (1)
—(0.75 m)(9810 N/m*) = 0

Solve Eq. (1) for the pressure in the pipe

Poipe = (—0.15 — 0.6 + 0.75) m (9810 N/m*) = 0

p (center of pipe) = 0.0 N/ m?
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|3.48: PROBLEM DEFINITION

Situation:
A tube (manometer) is connected to a pipe.

B
¥=10 kN/m?

y =20 kN/m3
50 cm

Find:
Pressure at the center of pipe B in units of kPa gage.

Properties:
v, = 10kN/m?, v, = 20kN/ m?.

Apply the manometer equation from point A (open leg of manometer, at the right
side) to point B (center of pipe)

Manometer equation

PB = Ppa+ Z vihi — Z”Yihi
up

down

were h; denotes the vertical deflection in the i*" section of the manometer

pg = (0Pa)
+ (0.30m x 20,000 N/ m*)
— (0.1m x 20,000 N/m?)
— (0.5m x 10,000 N/m?)
= —1000 Pa

pg = —1.00 kPa gage

Tip! Note that a manometer that is open to atmosphere will read gage pressure.
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3.46: PROBLEM DEFIN]TIONI

Situation:
The boiling point of water decreases with elevation because py,,, decreases.

z1 = 2000m, zo = 4000 m .
Find:

Boiling point of water (°C) at z; and zs.

Assumptions:

Tsea level = 152C = 288K
Standard atmosphere.

Properties:

Table A.2: R =287]/keg K.

PLAN |

The pressure of boiling (py.p0r) corresponds to local atmospheric pressure.

1. Find the atmospheric pressure by calculating the pressure in the troposphere.
2. Find boihing temperature at 2000 m by mterpolating in Table A.5.

3. Find boiling temperature at 4000 m by interpolating in Table A.5.

|SOLUTION]

1. Atmospheric pressure:

B Ty — oz — z) ]9 *F
P = po Tﬂ

— 101.3kPa [288'< —5.87K /km(z — zﬂr“‘ﬁ
' 288K
where 051 f )
. I / 8
R= — 5.823
9ok = e T K /m <287 T [keK
30 5.823
pasom = 101.3kPa [’ 285K ‘E'HZ;‘Sikm(‘E'"kmq" " — 79.5kPa
5.823
B 288K — 587K / km(4.0km) _
Paovom = 1t11.3kPa[ X/ } — 61.7kPa

2. Boiling temperature @ 2000 m.
o ( 79.5-70.1 JkPa\ , )
T'=8"C+ ((101.3 —70.1) kPa) (107C) = 93,00

Thoiling, 2000 m & 93.02C




3. Boiling temperature @ 4000 m.

(617 - 47.4)kPa
(70.1 — 47.4) kPa

T:SU:"C—F( ){IDCC}ISGB o0

Thoiling, 4000 m = 86.3 °C




3.51: PROBLEM DEFINITIONI

Situation:
A forece due to pressure is acting on an airplane window.
Window 1s flat & elliptical. o =03 m, b=02m.
Pinside = 100kPa, z = 10km.

Find:

Outward force on the window (in N).

PLAN I

Find the force on the window by using F' = ApA. To find the pressure outside the
window, the steps are

1. Calculate temperature at z = 10 km using the relevant equation for the troposphere.
2. Calculate pressure using the relevant equation for the troposphere.

|SOLUTION
1. Temperature @ 10,000 m.
T = Ty—alz—z)
— 288K —5.87 x 107K /m(10000 — 0) m
2293 K -46.7°C

2. Atmospheric pressure @ 10,000 m.
g (9.81m /s?)

- = 5.823
aR (58T x 103K /m) (287 ] /keg-K) o
o To — az — z0) ]¥*"
P = I T
_ (5 - - 5823
— 1013kPa [ 288K — (5.87 x 107 K /m) (10000 — 0) m]
288K
= 26.86 kPa

3. Force on the window.

First, calculate the window area using the formula for an ellipse (from Figure A.1 in
EFMYe)
A = 7ab/4=3.1415x0.3x0.2 / 4=0.0471 m’


carbajo
Sticky Note
3.39 in 10th edition of the Engineering Fluid Mechanics textbook


Now, calculate force

kN -
F =ApA =1( 100 -26.86) = (0.0471 m?)

| = 3.45 kN|






