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|3.1: PROBLEM DEFINITION
Apply the grid method to cases a, b, ¢ and d.

a.)

Situation:

Pressure values need to be converted.
Find:

Calculate the gage pressure (kPa) corresponding to 15 in. HyO (vacuum).
Solution:

B 15in H,O Pa kPa
b= 0.00402 in-H,0 ) \ 1000 Pa
p = 3.73 kPa-vacuum = —3.73 kPa-gage

b.)
Situation:

Pressure values need to be converted.
Find:

Calculate the gage pressure (psig) corresponding to 140 kPa-abs.

Properties:
Patm = 14.70psi.

Solution:
140 kPa 14.70 psi
abs = = 20.32 psi
Pab: ( 1 ) (101.3 kPa) peia
Pgage = Dabs — Patm = (20.32 psia) — (14.70 psia) = 5.62 psi
Deage = 0.62 psig
c.)
Situation:
Pressure values need to be converted.
Find:
Calculate the absolute pressure (psia) corresponding to a pressure of 0.55 bar
(sage).
Properties:

Patm = 14.70psi.

Solution:

0.55 bar (1470 psi\ _ o
age — = (. S1
Peag 1 1.013 bar belg

Pabs = Patm + Dgage = (7.98 psig) + (14.70 psia) = 22.7 psia
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Dabs = 22.7 psia

d.)
Situation:

Pressure values need to be converted.
Find:

Calculate the pressure (kPa abs) corresponding to a blood pressure of 119 mm-Hg
gage.
Properties:

Solution:

119 mm-Hg 101.3 kPa
age = = 15.86 kPa-
Pgag ( 1 ) (760 mm—Hg) ease

Pabs = Patm + Dgage = (101.3 kPa) 4 (15.86 kPa-gage) = 117.2 kPa abs

Pans = 117 kPa abs




|3.2: PROBLEM DEFINITION
Apply the grid method to:

a.)

Situation:
A sphere of 93 mm diameter contains an ideal gas.
T =20°C=2932K

Find:
Calculate the density of helium at a gage pressure of 36 in. HO.

Properties:
From Table A.2 (EFM11le): Rpeljum = 2077J/ kg - K.

Solution:

20 in. H20 248.8 Pa
1 1.0 in. H20

Pabs = Patm +pgage = 101.3kPa + < ) = 110.26 kPa

Ideal gas law:

p  [11026kPa\ [ kgK 1 1000 Pa J N
P=TRr~ 1 20777 ) \2032K ) \ 1kPa Nm ) \ Pam?

p = 0.181 kg/m3

b.)

Situation:
A sphere of 93 mm diameter contains an ideal gas.
T=20°C=2932K

Find:
Calculate the density of argon at a vacuum pressure of 8.8 psi.

Properties:
From Table A.2 (EFM11e): Rpethane = 518 J/ kg - K.

Solution:

8.8 psi 101.3kP
Pabs = Patm — Pvacuum — 101.3 kPa — ( pSl) ( a

— 40.64KkP
1 14.696 psi> 0.64kbPa

Ideal gas law:

_r _ 40.64 kPa kg K 1 1000 Pa J N
P=TRT~ 1 5187 ) \2032K ) \ 1kPa ) \ Nm /) \ Pam?

p = 0.268 kg/m?




|3.3: PROBLEM DEFINITION

Situation:

For the questions below, assume standard atmospheric pressure.

a. For a vacuum pressure of 43 kPa, what is the absolute pressure? Gage pressure?
b. For a pressure of 15.6 psig, what is the pressure in psia?

c. For a pressure of 190 kPa gage, what is the absolute pressure in kPa?

d. Give the pressure 100 psfg in psfa.

SOLUTION I

a.)
Consulting Fig. 3.4 in EFM11e,

Paps = 101.3 —43 = 58.3kPa
Poge = —43kPa or 43 kPa vacuum

b.)
Consulting Fig. 3.4 in EFM11e,

Pabs = 15.6 psig+ 14.7 psi = 30.3 psia
Ps = 30.3 psia

c.)
Consulting Fig. 3.4 in EFM11e,

Pavs = 190kPa gage + 101.3kPa = 291.3kPa abs
P.s = 291 kPa abs

d.)
Consulting Fig. 3.4 in EFM11e,

100 1bf gage 14.71bf\ [ 144in?
Pabs = ) + . 2 ft2

) = 2216.8 psfa
in

m

Paps = 2220 psta




|3.4: PROBLEM DEFINITION

Situation:

The local atmospheric pressure is 91.0 kPa. A gage on an oxygen tank reads a pressure
of 250 kPa gage.

Find:
What is the pressure in the tank in kPa abs?

Consult Fig. 3.4 in EFMl11e

SOLUTION I

Pabs - Pgage + Patm
Pus = 250kPa+ 91 kPa
P, = 341 kPa abs




|3.5: PROBLEM DEFINITION

Situation:
A Crosby gage tester is applied to calibrate a pressure gage.
Indicated pressure on the gage is p = 197 kPa gage.
W =132N, D = 0.03m.

Weights ——

Piston —] [

—— ir

0l

Find:
Percent error in gage reading.

The oil exerts an upward force on the piston to support the weights. Thus,
we can calculate the true pressure and then compare this with indicated reading to
obtain the error in the gage reading. The steps are

1. Calculate the true pressure by applying force equilibrium to the piston and weights.
2. Calculate the error in the gage reading.

SOLUTION I

1. Force equilibrium (apply to piston + weights)

Fpressure

ptrueA =

SRR

Ptrue
132N

(m/4 % 0.03%) m?
Pine = 186,742 Pa

2. Percent error

(precorded - ptme) 100

ptrue

(197 kPa — 186.7 kPa) 100
186.7 kPa

% Error =

= 5.49%

|% Error = 1.01%|




| 3.6: PROBLEM DEFINITION

Situation:
A hydraulic machine is used to provide a mechanical advantage.
my = 0.025 kg, my = 7500 kg.

Elephant with
Mass ms

Mouse with
Mass m

- Piston (2 places)

Hydraulic fluid

Find:
(a) Derive an algebraic equation for the mechanical advantage.
(b) Calculate D; and D5 so the mouse can support the elephant.

Assumptions:

Neglect the mass of the pistons.

Neglect the friction between the piston and the cylinder wall.

The pistons are at the same elevation; thus, the pressure acting on the bottom
of each piston is the same.

e A mouse can fit onto a piston of diameter D; = 70 mm.

Define "mechanical advantage."

Derive an equation for the pressure acting on piston 1.

Derive an equation for the pressure acting on piston 2.

Derive an equation for mechanical advantage by combining steps 2 and 3.
Calculate Dy by using the result of step 4.

SOLUTION I

1. Mechanical advantage.

S .

{ Mechanical } _ Weight "lifted" by the mouse W,

= — 1
advantage Weight of the mouse Wi M)

where W5 is the weight of the elephant, and W) is the weight of the mouse.



2. Equilibrium (piston 1):

wD?
()

4
= 2
r = i (s3) )
3. Equilibrium (piston 2):
D3
Wy = p( 42)
4
- W, [ ——
b= () )

4. Combine Egs. (2) and (3):

r=vi (5) = (55) ®

Solve Eq. (5) for mechanical advantage:

2
Wy _ (D2
w1 = \ D

5. Calculate D.

We (D2’

Wl N Dl

5 2
(7500kg) (9.80m/s*) 300000_< D )

(0.025kg) (9.80 m/ s?) 0.07m
Dy = 383m

The ratio of (Dy/D;) needs to be 1/300,000. If D; = 70 mm, then Dy = 38.3 m.

1. Notice. The mechanical advantage varies as the diameter ratio squared.
2. The mouse needs a mechanical advantage of 300,000:1. This results in a piston
that is impractical (diameter = 38.3 m = 126 ft !).




|3.7: PROBLEM DEFINITION

Situation:
To work the problem, data was recorded from a parked vehicle. Relevant infor-
mation:

e Left front tire of a parked VW Passat 2003 GLX Wagon (with 4-motion).
e Bridgestone snow tires on the vehicle.

e Inflation pressure = 36 psig. This value was found by using a conventional
"stick-type" tire pressure gage.

e Contact Patch: 5.88in x 7.5in. The 7.5 inch dimension is across the tread.
These data were found by measuring with a ruler.

e Weight on the front axle = 2514 Ibf. This data was recorded from a sticker
on the driver side door jamb. The owners manual states that this is maximum
weight (car + occupants + cargo).

Assumptions:

e The weight on the car axle without a load is 2000 1bf. Thus, the load acting
on the left front tire is 1000 lbf.

e The thickness of the tire tread is 1 inch. The thickness of the tire sidewall is
1/2 inch.

e The contact path is flat and rectangular.
e Neglect any tensile force carried by the material of the tire.
Find:
Measure the size of the contact patch.

Calculate the size of the contact patch.
Compare the measurement with the calculation and discuss.

To estimate the area of contact, apply equilibrium to the contact patch.

SOLUTION I

Equilibrium in the vertical direction applied to a section of the car tire

pzAz = Fpavement



where p; is the inflation pressure, A; is the area of the contact patch on the inside of
the tire and Fjavement is the normal force due to the pavement. Thus,

F
pavement
A, = -—bremen

Di
1000 1bf

361bf/ in?

= 27.8in?
Comparison. The actual contact patch has an area A, = 5.88in x 7.5in = 44.1in%.
Using the assumed thickness of rubber, this would correspond to an inside contact

area of A, = 4.88in x 5.5in = 26.8in%.Thus, the predicted contact area (27.8 in2) and
the measured contact area (26.8 in2) agree to within about 1 part in 25 or about 4%.

The comparison between predicted and measured contact area is highly dependent
on the assumptions made.

10



|3.8: PROBLEM DEFINITION

Situation:

To derive the hydrostatic equation, which of the following must be assumed? (Select
all that are correct.)

a. the specific weight is constant

b. the fluid has no charged particles

c. the fluid is at equilibrium

SOLUTION I

The answers are (a) and (c); see §3.2

11



|3.9: PROBLEM DEFINITION

Situation:
Two tanks.
Tank A is filled to depth h with water.
Tank B is filled to depth h with oil.

Find:
Which tank has the largest pressure?
Why?
Where in the tank does the largest pressure occur?

SOLUTION I

In both tanks, pressure increases with depth, according to p = —vz.
At the bottom of each tank, pressure is given by p = vh.

At the bottom of Tank A, p = v, ater -

At the bottom of Tank B, p = v,,h.

Because 7v,;; < Vyater, the pressure in Tank A has the largest pressure.
The reason is because water has a larger specific weight than oil.

The largest pressure occurs at the bottom of the tank.

12



|3.10: PROBLEM DEFINITION

Situation:

Consider Figure 3.11 in §3.2 of EFM11e.

a. Which fluid has the larger density?

b. If you graphed pressure as a function of z in these two layered liquids, in which
fluid does the pressure change more with each incremental change in 27

SOLUTION I

a. Water has the larger density, and thus the larger specific weight.
b. To pressure as a function of fluid, you would use p = —vz. The pressure changes
more with each incremental change in 2z in the water than in the oil because v, ; <

fywater .

13



| Problem 3.11

Apply the grid method to calculations involving the hydrostatic equation:

Ap = vAz = pgAz

Note: Unit cancellations are not shown in this solution.

a.)

Situation:
Pressure varies with elevation.

Az = 6.8 1t.

Find:
Pressure change (kPa).

Properties:
p = 90 Ibm/ ft*.

Solution:
Convert density to units of kg/m?:

90 Ibm\ [35.315 ft? 1.0kg kg
p= 3 = 1442 —
ft m3 2.2046 1bm m3

Calculate the pressure change:

1442kg\ /9.81m [6.8ft m Pa-m- s?
Ap = pgAz =
b= roes < 3 >( 2 )(1.0 ) (3.2808ft>< ke >

Ap = 29300 Pa = 29.3kPa

b.)

Situation:
Pressure varies with elevation.
Az =22m, SG = 1.3.

Find:
Pressure change (psf).

Properties:
v = 62.41bf/ ft>.

Solution:
(1.3 x 62.4) Ibf\ /22m) [3.2808 ft
p = "vAz YH20 R7 ( 13 10 m
Ap = 5860 psf

14



c.)

Situation:
Pressure varies with elevation.

Az = 2500 ft.

Find:
Pressure change (in H,O).

Properties:
air, p = 1.2kg/ m?.

Solution:

Ap — poAs — 1.2kg 9.81m 2500 ft ( m ) Pa- m - s in.-H20
P=PIme = Ts 52 1.0 ) \3281t ke 249.1 Pa

Ap = 36.1 in H,O

d.)
Situation:
Pressure varies with elevation.

Ap =1/6atm, SG = 1.4.

Find:
Elevation change (mm).

Properties:
v =9810N/ m?, put = 101.3 kPa.

Solution:
d. Calculate Az (mm) corresponding to S = 1.4 and Ap = 1/6 atm.

A Ap Ap 1/6 atm m? 101.3 x 103 Pa 1000 mm
== =
Y SYme0 1.0 (1.4 x 9810) N atm 1.0m

|Az = 1230 mm |

15



| Problem 3.12

Using Section 3.2 and other resources, answer the questions below. Strive for depth,
clarity, and accuracy while also combining sketches, words and equations in ways that
enhance the effectiveness of your communication.

a. What does hydrostatic mean? How do engineers identify if a fluid is hydrostatic?

e Each fluid particle within the body is in force equilibrium(z-direction) with
the net force due to pressure balancing the weight of the particle. Here, the
z-direction is aligned with the gravity vector.

W =
o b 4 > \

o 1A S -

T Ner forc

of pressure \

e Engineers establish hydrostatic conditions by analyzing the forces acting in the
z-direction.

b. What are common forms of the hydrostatic equation? Are the forms equivalent
or are they different?

e There are three common forms; these are given in Table F.2 (front of book).

e These equations are equivalent because you can start with any of the equations
and derive the other two.

c. What is a datum? How do engineers establish a datum?

e A datum is a fixed reference point from which elevations are measured.

e Engineers select a datum that makes calculations easy. For example, select
a datum on the free surface of a river below a dam so that all elevations are
positive.

16
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d. What are the main ideas of Eq. (3.10) EFM11e? That is, what is the meaning of
this equation?

P, = p + vz = constant

This equation means that the sum of (p + 72) has the same numerical value at every
location within a body of fluid.

e. What assumptions need to be satisfied to apply the hydrostatic equation?

P, = p + vz = constant

This equation is valid when

e the density of the fluid is constant at all locations.

e cquilibrium is satisfied in the z-direction (net force of pressure balances weight
of the fluid particle.

17



| Problem 3.13

Apply the grid method to each situation below. Unit cancellations are not shown in
these solutions.
a.)
Situation:

Pressure varies with elevation.

Az = 81t.

Find:
Pressure change (Pa).

Properties:
air, p = 1.2kg/ m?.

Solution:

Ap = pgAz
Ap = pgAz
1.2kg\ /9.81m) [/ 8ft ( m ) Pa- m - s?
m?3 s? 1.0 ) \3.281ft kg

Ap = 28.7Pa

b.)

Situation:

Pressure increases with depth in the ocean.
Pressure reading is 1.5 atm gage.

Find:
Water depth (m).

Properties:
Seawater, Table A.4 (EFMlle), SG = 1.03, v = 10070 N/ m3.

Solution:

As = Ap  (1.5atm m? 101.3 x 103 Pa N
T T UTto 10070 N atm Pam?

Az=151m

c.)

Situation:
Pressure decreases with elevation in the atmosphere.
Az = 1240 ft.
Starting air pressure = 960 mbar

Find:

18



Pressure (mbar).

Assumptions:
Density of air is constant.

Properties:
Air, p = 1.1kg/ m>.

Solution:

1.1kg) /9.81m\ [ —1240ft m Pa-m - s?
b= r9es ( 3 ) ( 52 ) ( 1.0 ) <3.2808ft)( ke ) .

Pressure at summit:

—4078 P 1072 mb
Psummit = Pbase + Ap = 960 mbar + a mbar
1.0 Pa

Psummit = 919 mbar (absolute)

d.)
Situation:
Pressure increases with depth in a lake.
Az = 370 m.

Find:
Pressure (MPa).

Properties:
Water, v = 9810 N/ m3.

Solution:
Ap = ~Az
B 9810 N 370 m Pa - m? MPa
N m3 1.0 N 106 Pa

Pmax = 3.63 MPa (gage)

e.)

Situation:
Pressure increase with water depth in a standpipe.
Az = 55m.

Find:
Pressure (kPa).

Properties:
Water, v = 9810 N/ m3.

19



Solution:
Ap = ~vAz
B 9810 N 55 m Pa - m? kPa
N m3 1.0 N 103 Pa

Pmax = D40kPa (gage)

20



|3.14: PROBLEM DEFINITION

Situation:
Air above a long tube is pressurized.
Initial state: p,;; = 50 kPa-vacuum
Final state: p.io = 25 kPa-vacuum.

Air space

i<

h Water
kv

Find:
Will & increase or decrease?
The change in water column height (Ah) in meters.

Assumptions:
Atmospheric pressure is 100 kPa.
Surface tension can be neglected.

Properties:
Water (20°C), Table A.5 (EFMlle), v = 9790 N/ m3.

Since pressure increases, the water column height will decrease. Use absolute pressure
in the hydrostatic equation.

1. Find h (initial state) by applying the hydrostatic equation.

2. Find h (final state) by applying the hydrostatic equation.

3. Find the change in height by Ah = h(final state) — h (initial state).

SOLUTION I

1. Initial State. Locate point 1 on the reservoir surface; point 2 on the water surface
inside the tube:

22 + 21 = ]2 + Z9
gl gl
100 kPa Lo = 50 kPa T
9790 N/ m3 ~ 9790N/m?3

h (initial state) = 5.107m

21



2. Final State:

Zi + zZ1 = ]2 -+ Z9
gl gl
100 kPa Lo = 75 kPa h
9790 N/ m? 9790 N/m3

h (final state) = 2.554m
3. Change in height:

Ah = h(final state) — h (initial state)
2.554m — 5.107m = —2.55m

The height has decreased by 2.55 m.

Tip! In the hydrostatic equation, use gage pressure or absolute pressure.

vacuum pressure will give a wrong answer.

22
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|3.15: PROBLEM DEFINITION

Situation:
Open tank, d,; = 1m
Aprine = 0.55m
Drottom = 14 kPa = 14,000 Pa

Properties:

Porine = 1’ 050 kg/ m3
Find:

Poil

Use the Hydrostatic Equation, and the knowledge that the oil is floating on the brine.
According to the Fluid Interface Rule (§ 3.2 in EFM 1le), the pressure at the
brine/water interface is constant.

Therefore, pressure over the total depth of the tank is given by

Ap = Apoil + Apbrine
where p = pgh generally
and DPoottom = pbm'negdbrine + poilgdoil for this case

SOLUTION I

Poottom — Porinedbrine
9d it
14,000 Pa — 1,050kg/ m? x 9.81m/s? x 0.55m
9.81m/s? x Im

Poil = 850 kg/ m?

Poil

Poit =

23



|3.16: PROBLEM DEFINITION

Situation:

A closed tank contains air, oil, and water.
Find:

Specific gravity of oil.

Pressure at C (kPa-gage).

Sketch:
0.5m — Air A p,=50.0kPa
A —
1.0m Oil
o G e
035 m B pp=38.5kPa
1.0
A Water
2 I C pe=?
0.5m . c
T T=10°C
Properties:
Water (10°C), Table A.5, v = 9810 N/ m?.
PLAN

1. Find the oil specific gravity by applying the hydrostatic equation from A to B.
2. Apply the hydrostatic equation to the water.

3. Apply the hydrostatic equation to the oil.

4. Find the pressure at C by combining results for steps 2 and 3.

SOLUTION I

1. Hydrostatic equation (from oil surface to elevation B):

pa+7724 = pB+ V2B
50,000 N/m” + 7,5 (1 m ) = 58,500 N/m” + 7, (0 m)
Yo = 8500 N/m®

Specific gravity:
You 8500 N/m’
Yyater 9810 N/m?®

Soil = 0.87

S:

24



2. Hydrostatic equation (in water):
Pe = (Pbtm of oil) + Vyvater (1)
3. Hydrostatic equation (in oil):
Phtm of oil = (58,500 Pa + v, x 0.5m)
4. Combine equations:

Pe = (587 500 Pa + Yoil X O5m) + Vwater (1 m)
= (58,500 Pa + 8500 N/ m?® x 0.5m) + 9810N/m® (1 m)
— 43,310 N/m”

p. = 43.3 kPa-gage

25



| 3.17: PROBLEM DEFINITION

Situation:
A manometer is described in the problem statement.
dlcft = 1mm, dright = 3mm.

Find:
Water surface level in the left tube as compared to the right tube.

SOLUTION I

(a) The water surface level in the left tube will be higher because of greater surface
tension effects for that tube.

26



|3.18: PROBLEM DEFINITION

Situation:
A force is applied to a piston.
F1 = 390N, d1 = 4CII1, d2 = 10Cm, SG =0.85

3

—= l f-—lO cm diameter

Vertical

Fi 2m
— [*=— 4 cm diameter
| oil(s=035)
| 22m
Find:
Force resisted by piston.
Assumptions:
Neglect piston weight.
PLAN
Apply the hydrostatic equation and equilibrium.
SOLUTION I
1. Equilibrium (piston 1)
i = pidy
o= A,
B 4 x 390N
7-(0.04m)* m?
= 310,352 Pa

2. Hydrostatic equation

P2tz = p1+y2
P2 = P1+ (SVyater) (21 — 22)
= 310,352Pa+ (0.85 x 9810N/m*) (—2m)
= 293,680 Pa

3. Equilibrium (piston 2)

27



p2A2

(293,680 N/ m?) (
2310N
Fy = 2310 N|

28
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|3.19: PROBLEM DEFINITION

Situation:

Regarding the hydraulic jack in Problem 3.18 (EFM11e), which ideas were used to
analyze the jack? (select all that apply)

a. pressure = (force)(area)

b. pressure increases linearly with depth in a fluid with a constant density

c. the pressure at the bottom of the 4-cm chamber is larger than the pressure at
the bottom of the 10-cm chamber

d. when a body is stationary, the sum of forces on the body is zero

e. when a body is stationary, the sum of moments on the body is zero

f. differential pressure = (weight/volume)(change in elevation)

SOLUTION I

Correct answers are a, b, d, e and f.

Statement c is incorrect because the two chambers are connected, therefore the pres-
sure at the flat bottom is everywhere the same. Pressure is a scalar, and is transferred
continuously in all directions. It increases with depth; however at the same depth
(of a fluid with a constant density that is not being accelerated to the left or right)
it is the same.

29



|3.20: PROBLEM DEFINITION

Situation:
A diver goes underwater.
Az = 50m.
Find:
Gage pressure (kPa).
Ratio of pressure to normal atmospheric pressure.

Properties:
Water (20°C), Table A.5, v = 9790 N/ m3.

1. Apply the hydrostatic equation.
2. Calculate the pressure ratio (use absolute pressure values).

SOLUTION I

1. Hydrostatic equation

p = YAz =9790N/m?* x 50m
489,500 N /m”

p = 490 kPa gage

2. Calculate pressure ratio

pso  489.5kPa+ 101.3kPa
Datm 101.3 kPa

P50

Patm

=5.83

30



|3.21: PROBLEM DEFINITION

Situation:
Water and kerosene are in a tank.
Zwater — 1.2 11, Zkerosene — 0.8 m.
Find:
Gage pressure at bottom of tank (kPa-gage).

Properties:
Water (20°C), Table A.5, v, = 9790 N/m3.
Kerosene (20°C), Table A.4, v = 8010 N/m?.

SOLUTION I

Manometer equation (add up pressure from the top of the tank to the bottom of the
tank).

Patm + '.)/k Zkerosene + ﬁ)/w Zwater — Pbottom

Solve for pressure

pbottom = O +7k (OSm) +7W (12m>
= (8010N/m?) (0.8m) + (9790N/m?) (1.2m)
— 18.2kPa

Dyorron = 18.2kPa gage

31



|3.22: PROBLEM DEFINITION

Situation:
Initial State: Water levels as shown. Valve in open.
Final State: Water is added to the tank with the valve closed.

%3]

Closed

1<
%)

Open

o

1m

| o
L © Lr

Initial Final

K

Find:
Increase of water level Al in manometer (in meters).

Properties:
Water (20°C), Table A.5, v, =9790 N/m?3.
Patm = 100 kPa.

Assumptions: Ideal gas.

Apply the hydrostatic equation and the ideal gas law.

SOLUTION I

Ideal gas law (mole form; apply to air in the manometer tube)

pV = nRT

Because the number of moles (n) and temperature (7') are constants, the ideal gas
reduces to Boyle’s equation.

p1V1 = paVa (1)

State 1 (before air is compressed)

p1 = 100,000 N/m” abs (a)
Vl =1mxXx Atube

State 2 (after air is compressed)

p2 = 100,000 N/m* + 7, (1 m — Al) (b)
VQ = (1 m — Ag)Atube

32



Substitute (a) and (b) into Eq. (1)

mV1 = p¥e
(100,000N/m?) (1 m x Agpe) = (100,000 N/m” + 7, (1 m — AL)) (1 m — AL) Agype
100,000N/m?* = (100,000N/m*+ 9790 N/ m* (1 — A¢)) (1 — A¢)

Solving for A/

| Al =0.0824 m |
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|3.23: PROBLEM DEFINITION

Situation:
A tank is fitted with a manometer.
SG =3, z21=0.15m.

Find:
Deflection of the manometer (cm).

Properties:
7wateerSlO N/m3

Apply the hydrostatic principle to the water and then to the manometer fluid.

SOLUTION I

1. Hydrostatic equation (location 1 is on the free surface of the water; location 2 is
the interface)

b1 D2

+z1 = -+ 29
’Ywater 7water
0Pa P2
_— 1 = —
98T0N/m? T 1M = ggioNyme O™
po = (0.15m) (9810N/m?)
= 1472Pa

2. Hydrostatic equation (manometer fluid; let location 3 be on the free surface)

p—2+22 — p—3+23

Vman. fluid Vman. fluid
1471.5 Pa 0Pa
0 = — +Ah
3 (9810 N/ mg) om Y man. fluid *

3. Solve for Ah
1472 Pa
Ah =
3(9810N/m3)
= 0.0500m

| Ah =5.00 cm |
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|3.24: PROBLEM DEFINITION

Situation:
A weight sits on top of a piston situated above a reservoir of oil.

Weight hy

o1l

Piston

Find:

Derive an equation for h, in terms of the specified parameters.
Assumptions:

Neglect the mass of the piston.

Neglect friction between the piston and the cylinder wall.

The pressure at the top of the oil column is 0 kPa-gage.

1. Relate w to pressure acting on the bottom of the piston using equilibrium.

2. Related pressure on the bottom of the piston to the oil column height using the
hydrostatic equation.

3. Find hy by combining steps 1 and 2.

SOLUTION I

1. Equilibrium (piston):

w=p (”f%> 1)

2. Hydrostatic equation. (point 1 at btm of piston; point 2 at top of oil column):
b1 P2

— + 21 = — + z9
Y 8
p1
40 = 0+ h
37watcr
b1 = S’ywater h2 (2)



3. Combine Egs. (1) and (2):

wD?
mg = S Ywater h2 ( 41)

hy=

(S) (7watcr) (TFD%)

1. Notice. Column height hs increases linearly with increasing weight w.Similarly, hs
decreases linearly with S and decreases quadratically with D;.

2. Notice. The apparatus involved in the problem could be used to create an instru-
ment for weighing an object.
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|3.25: PROBLEM DEFINITION

Situation:
A weight sits on top of a piston situated above a reservoir of oil.
m = 5kg, SG = 0.8, hy = 42mm.
Dy =120mm, Dy = 5mm.

. h
Weight . 2
= O1l

Piston

Find:
Calculate hy (m).

Assumptions:
Neglect the mass of the piston.
Neglect friction between the piston and the cylinder wall.
The pressure at the top of the oil column is 0 kPa-gage.

1. Relate mass m to pressure acting on the bottom of the piston using equilibrium.
2. Related pressure on the bottom of the piston to the oil column height using the
hydrostatic equation.

3. Find hy by combining steps 1 and 2.

SOLUTION I

1. Equilibrium (piston):

mg = pi <Wf%) (1)
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2. Hydrostatic equation. (point 1 at btm of piston; point 2 at top of oil column):

0 +z2 = b2 + 22
Y Y
P1
vaater

= Swaater h2

3. Combine Egs. (1) and (2):

wD?
mg = S Ywater h2 ( 1)

4
b — dmg _ 4 (5kg) (9.81m/ s?)
" (5) (varer) (@DF) — (0.8) (9810N/ m?) () (0.12% m?)
|ho = 0.553m |
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|3.26: PROBLEM DEFINITION

Situation:
An odd tank contains water, air and a liquid.

Open to Closed top
atmosphere
i T T T T )
1 1 I |
| 1 I | 1m
1 L 1 L

Plan view (view E-E)

El_ Open to atmosphere _l E

=== 1_'; |‘— 2m _'|‘— 1m —"1
{ o] D

Water

Elevation view

Find:
Maximum gage pressure (kPa).
Where will maximum pressure occur.
Pressure 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.

SOLUTION I

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

044 X 70 +3X3VH,0 = Prmax
Pmax = 13m x 9,810N/m?
— 127,530 N/m’

Pmax = 128 kPa

= Maximum pressure will be at the bottom of the liquid that has a specific
gravity of S = 3.
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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.
(=41, W = 7001bf.
Dl = 0255, Z1 = 4¢.
Dy =1, 5G =1.2.

— = 1af
Steel pipe

 Liquid (5 = 1.2)
- q

_ Steel chamber

B

Find:
Force exerted on chamber by bolts (1bf).

Properties:

Yoater = 62.41bf/ ft3.

Apply equilibrium and the hydrostatic equation.

SOLUTION I

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+ VVliquid + W, = p2A2 (1)
2. Hydrostatic equation (location 1 is on surface; location 2 at the bottom)
& +z1 = P2 + 29
Y Wliquid
0+40 = —2 49
1‘27water

b2 = 1‘27Water4£
= 12x624x4x25

= 1497.6 psfg
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3. Area , ) )
D 4f
A2:7T :i:#:u.gﬁﬁ?

4. Weight of liquid

wd? YA
VVliquid = <A2€ + T4£> Niquid = <A2€ + 1_6) (12) Ywater

- ) ™ (41t)° Ibf
- <(4.909ft)(4ft)+ T )(1.2) (62.4F>

= 4704.91bf
5. Substitute numbers into Eq. (1)

Fp + (4704.91bf) + (7001bf) = (1497.61bf/ ft*) (12.57 ft*)
Fg = 134001bf

| Fiz = 13400 Ibf |
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|3.28: PROBLEM DEFINITION

Situation:
Oil is added to the tube so the piston rises 1 inch.
Whiston = 81bf, SG = 0.85.
D, = 4in, Dype = 1lin.

| 1 im (1D} tube

g
0l (S = 0.85)
| -
f t
4in 4in
RS 1
Stop "4 in (1D} eylinder
Find:
Volume of oil (in®) that is added.
SOLUTION I

Notice that the oil fills the apparatus as shown below.

h
Volume
added
Pressure acting on the bottom of the piston
ppA, = 8Ibf
8 Ibf 8 Ibf
pp _= _=

A, w(4in)? /4
= 0.6366 psig = 91.67 psfg
Hydrostatic equation (apply to liquid in the tube)
Youh = 91.67 psfg
h = 91.67/(62.4 x 0.85) = 1.728 ft = 20.74 in

Calculate volume

Vadded = Vvleft + eright
7(4in)* (1in) 7 (1in)® (1in + 20.74in)
+
4 4
Vaddcd =29.6 in.3
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|3.29: PROBLEM DEFINITION

Situation:
An air bubble rises from the bottom of a lake.
234 = 34 ft, 8 = 8 ft.

Find:
Ratio of the density of air within the bubble at different depths.

Assumptions:
Air is ideal gas.
Temperature is constant.
Neglect surface tension effects.

Properties:
v = 62.41bf/ ft>.
PLAN
Apply the hydrostatic equation and the ideal gas law.
SOLUTIONI
Ideal gas law
P
RT
_ Dbsa P8
P34 RT’ Ps RT
Py _ Pu
Ps Y2

where p is absolute pressure (required in ideal gas law).

Hydrostatic equation

P8 = Patm + v (8 ft)
= 21201bf/ ft* + (62.4 1bf/ft*) (8 ft)
= 2619 Ibf/ft”

P34 = Patm + 7 (34 ft)
= 21201bf/ £t* + (62.4 1bf/ft*) (34 ft)
— 4241.6 1bf/ft>

Density ratio

P 4241.6 1bf/ft>

Pg 2619 1bf/ft”
= 1.620

P34/Ps = 1.62
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|3.30: PROBLEM DEFINITION

Situation:
Air is injected into a tank of liquid.
Pressure reading the Bourdon tube gage is pyase = 15kPa

——=— =< Airsupply

!

000000

"
W
Il
o
oo
&

Find:
Depth d of liquid in tank (m).

Assumptions:
Neglect the change of pressure due to the column of air in the tube.

Properties: v (water) = 9810 N/ m?, S = 0.85.

1. Find the depth corresponding to p = 15 kPa using the hydrostatic equation.
2. Find d by adding 1.0 m to value from step 1.

SOLUTION I

1. Hydrostatic equation

Ap = ’YliquidAZ
Ap 15000 Pa

A p— pr—
& Yiowa 0.8 (9810N/ m?)

=1.80m

2. Depth of tank

d = Az+1m
= 1.80m+1m
= 2.8m
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|3.31: PROBLEM DEFINITION

Situation:

Match the following pressure-measuring devices with the correct name. The device
names are: barometer, Bourdon gage, piezometer, manometer, and pressure trans-
ducer.

a. A U-shaped tube where changes in pressure cause changes in relative elevation of
a liquid that is usually denser than the fluid in the system measured; can be used to
measure vacuum.

b. Typically contains a diaphragm, a strain gage, and conversion to an electric signal.
c. A round face with a scale to measure needle deflection, where the needle is deflected
by changes in extension of a coiled hollow tube.

d. A vertical tube where a liquid rises in response to a positive gage pressure.

e. An instrument used to measure atmospheric pressure; of various designs.

SOLUTION I

a. manometer

b. pressure transducer
c. Bourdon gage

d. piezometer

e. barometer

46



|3.32: PROBLEM DEFINITION

Situation:

Which is the more correct way to describe the two summation (>)) terms of the
manometer equation, Eqn. 3.21, in §3.3 of EFM11e?

a. Add the downs and subtract the ups.

b. Subtract the downs and add the ups.

SOLUTION I

The correct answer is a.
As you go down in a given fluid, the pressure gets larger; as you move your point of
inquiry up higher in elevation, the pressure gets smaller.
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| Problem 3.33

Apply the grid method to a U-tube manometer.

Gas at pressure pg

F

The working equation (i.e. the hydrostatic equation) is:
Pgas = ’Yliquidh

a.)

Situation:
Water in a manometer.

h = 2.3 ft.

Find:
Absolute pressure (psig).

Properties:
SG = 1.4, yy90 = 62.41bf/ ft>.

Solution:
First, find the gage pressure in the gas:

Pgas = Miquia? = SG X Yoo X h

62.41bf\ /2.3t 1t \?2
= (14 = 1. i
( >( £t ) < 1.0 ) <1zm.> 395 psig

Now, find the absolute pressure:

Pabs = Patm +pgage
= 14.7 psi + 1.395 psi ; |pans = 16.1 psia

b.)

Situation:
Mercury in a manometer.

Find:
Column rise (mm).
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Properties:
Table A.4, v = 133000 N/ m3.
pgas - 05 atm7 patm - ].013 kPa.

Solution:
b. Find column rise in mm. The manometer uses mercury. The gas pressure is .25
- 0.5 3 101.3 x 103N
as .oat .
h— e :< am)( m >< . ):0.381m
Viquid 1.0 133000 N latm - m?
h = 381 mm

c.)
Situation:

Liquid in manometer.

h = 61in.
Find:

Pressure (psfg).

Properties:
p = 22 Ibm/ ft*.

Solution:

Peas = Viquial = pgh
_[221bm) (322ft) (6in Ibf - &2 1.0ft
B ft3 52 1.0/ \3221bm- ft / \ 12in

Pgas = 11 png

d.)
Situation:
Liquid in manometer.
h = 2.3m.

Find:
Gage pressure (bar).

Properties:
p = 800kg/ m3.

Solution:

Dgas = ’Yliquidh = pgh
([ 800kg 9.81m 2.3m Pa- m- s? 1 bar
N m?3 s? 1.0 kg 10° Pa

= [0.181ar]
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|3.34: 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 gra\_fity =1.00

T—

— |

30in

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.

SOLUTION I

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

Poipe + (0.5 £t)(62.4 1bf/ft%) + (1 ft)(2 x 62.4 bf/ft>) (1)
—(2.5 ft)(62.4 1bf/ft®) = 0

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

Poipe = (—0.5 — 2+ 2.5) ft (62.4 Ibf/ft*) = 0

p (center of pipe) = 0.01bf/ ft
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|3.35: PROBLEM DEFINITION

Situation:
A manometer is connected to a pipe.
hl == ].6iIl, hQ = 2in.

e Pipe (section view)

Mercum/v

Find:
Gage pressure at the center of the pipe in units of psig.

Properties:
Mercury (68 °F), Table A.4, vy, = 8471bf/ ft’.
Water (70°F), Table A.5, yyo0 = 62.31bf/ ft?.

Find pressure (p4) by applying the manometer equation from point A to the top of
the mercury column.

SOLUTION I

Manometer equation:

1 2
pa+ <1—gft) (62.3 1bf/ ft*) — (Eft) (847 1bf/ft*) =0

_(58.11bf\ [1.0ft)?
PAam 7wz ) \12in

|pA = 0.403 psig|
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|3.36: PROBLEM DEFINITION

Situation:
A glass tube (d = 0.5mm) is connected to a pipe containing water.
Column rise (h = 120mm) is due to pressure and surface tension.

Glass tube (0.5 mm ID, 4 mm 0OD)

. Water level in tube

Find:

Gage pressure at the center of the pipe (Pa-gage).

Assumptions:
The contact angle is small so cos ~ 1 in the capillary rise equation.

Properties:
Water (20°C), Table A-5: v =9790N/m?, o = 0.073N/ m.

1. Find the column rise due to surface tension by applying the capillary rise equation.
2. Know that the total column rise observed is due to the sum of the hydrostatic
effect plus the capillary rise effect.

3. Subtract capillary head from total observed head to get the head associated with
the hydrostatic pressure.

4. Calculate pressure from the component of head that was due only to hydrostatics.

SOLUTION I

1. Capillary rise equation (from chapter 2):

2a. Hydrostatic equation.



2b. Total column rise:

4
Ah = Ahy + Ahy = -2 4 P4 (3)
vd oy

3. Subtraction:

4o 0.073NY [/ m? 1.0
Ahy= -2 =4 — 0.05965
R~ ( m > (9790N> (0.5 > 10_3m> o

4. Calculate pressure.

pa = (Ah — Ahy)~y = (0.120m — 0.05965m) (9790 N/ m?) = 590.8 Pa

|pA = 591 Pa gage|
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|3.37: PROBLEM DEFINITION

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

__® B
= 3
[ 7=10kNm

= 20 kN/m3

50 cm

Find:

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

v, = 10kN/m3, v, = 20kN/ m3.

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

SOLUTION I

Manometer equation

PB = Ppa+ Z vihi — Z”)/ihz’
up

down

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

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

pg = —1.00 kPa gage

Tip! Note that a manometer that is open to atmosphere will read gage pressure.
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|3.38: PROBLEM DEFINITION

Situation:
State 1: air at p,m, liquid in tube at elevation 1.
State 2: air is pressurized; liquid at elevation 2.
(=04 m, Dcontainer = 8Dtube-

- Container

Find:
Pressure in the air within the container (Pa).

Properties:
Liquid, p = 1200kg/ m3.

1. Find the decrease in liquid level in the container by applying conservation of mass.
2. Find the air pressure by applying the hydrostatic equation.

SOLUTION I

1. Conservation of mass (applied to liquid)

Gain in mass of lig. in tube = Loss of mass of liq. in container
(Volume change in tube) pj;,;,¢ = (Volume change in container ) py,.iq
‘%tubo = chontaincr

(7r/4)Dt2ube XL = (7T/4)D30ntainer X (Ah)container

Dipe \’
(Ah)container - (t—b) l

Dcontainer

(Ah)container = (1/8)2 X 40
= 0.625 cm

2. Hydrostatic equation

Pcontainer — (ﬁ sin 10° + Ah)ﬂg
= [(0.4m)sin 10° + 0.00625 m] (1200kg/ m*) (9.81m/s?)

Pcontainer = 891 Pa gage
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|3.39: PROBLEM DEFINITION

Situation:
State 1: air at p,m, liquid in tube at elevation 1.
State 2: air is pressurized; liquid at elevation 2.
Deontainer = 10Dtub67 ¢ = 3ft.

— Container

Find:
Pressure in the air within the container (psfg).

Properties:
liquid, v = 50 1bf/ ft*.

1. Find the decrease in liquid level in the container by using conservation of mass.
2. Find the pressure in the container by apply the manometer equation.

SOLUTION I

1. Conservation of mass (applied to liquid)

Gain in mass of lig. in tube = Loss of mass of liq. in container
(Volume change in tube) pj;,,jq = (Volume change in container ) py;,iq
Vvtube = %ontainer

(7T/4)Dt2ube XL = (7T/4)D(?ontainer X (AR)container

2
(Ah)containor - (&) 14

D container

1 2
(Ah)container - (E) x 31t

= 0.03ft

2. Manometer equation (point 1 = free surface of liquid in the tube; point 2 = free
surface of liquid in the container)

Pcontainer = (E sin 10° + Ah)’}/
= (3 sin 10° 4 .03) ft x 50 Ibf/ ft*
= 27.5481bf/ ft
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Pcontainer = 275 png
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|3.40: PROBLEM DEFINITION

Situation:

A pipe system has a manometer attached to it.

Air

Find:

100 cm

40 cm
I

= +

Water

3.28ft

1.31ft
4

M Mercury

Gage pressure at center of pipe A (psi, kPa).

Properties:

Mercury, Table A.4: v = 1.33 x 10° N/ m3.
Water, Table A.5: v = 9810N/m?.

Apply the manometer equation.

SOLUTION I

Manometer equation

pa = L1.31ft x 8471bf/ ft> — 4.59 ft x 62.41bf/ ft*

= 823.2 psf

pa = 5.72 psig|

pa = 0.4mx1.33x10°N/m? —1.4m x 9810 N/ m*

pa = 39.5 kPa gage
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|3.41: PROBLEM DEFINITION

Situation:
A U-tube manometer can be used to measure 7.
Initial state: A U-tube manometer contains water.
Final state: An unknown liquid (¥ = 2cm?) is added to the right leg
d=0.5cm, Ah = 5cm.

n_.|
I

o
3

=

0.5cm—= (=— |
™~ Water

N

Specific weight of unknown fluid (N/m?).

SOLUTION I

1. Find the length of the column of the unknown liquid.

¥V = (7/4)(0.5cm)*¢ = 2 cm?

Solve for ¢
¢ =10.186 cm

2. Manometer equation (from water surface in left leg to liquid surface in right leg)

04 (10.186 cm - 5 cm) (10~ m/cm)(9810 N/m?)
—(10.186 cm)(10~ m/cm)yy, =0

Solve for vy,

508.7 Pa — 0.101867,,. = 0

Viq. = 4995 N/m?

29



|3.42: PROBLEM DEFINITION

Situation:
Mercury and water are poured into a tube.
gmorcury = lyater = 37Hmm.

Find:
Locate the water surface (mm).

Locate the mercury surface (mm).
Find the maximum pressure in the U-tube (kPa gage).

Sketch:
Water((H20)
Uniform(diameter
__@ I tube
375mm H@
— QO+ |~ Mercury((Hg)
(O f —l
60w
160[mm
Assumptions:

Uniform diameter tube.

Properties:
Mercury (20°C), Table A4, v, = 133000 N/ m?.
Water (20°C), Table A.5, v = 9790 N/ m?.

1. Find ps by applying the hydrostatic equation.

2. Find (z4 — 22) by applying the hydrostatic equation.

3. Solve (z3 — z3) by using the fact that the mercury column has a fixed length.

4. Locate the liquid surfaces by using lengths from steps 2 and 3.

5. Solve for the maximum pressure by applying the hydrostatic equation to the
mercury.

SOLUTION I

1. Hydrostatic equation (apply to water column):

P + 21 = P2 + Z9
YH20 Y20
Otz = —12 4.
! 9710N/m? =

p> = (9710N/m?) (21 — 22) = (9710N/m?) (0.375 m) = 3641 N/ m*

Since the pressure across the water/mercury interface is constant, ps g20 = P, ne-
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2. Hydrostatic equation (apply to Hg column):

y 2 D2

— tzn = — +2
’YHg IYHg
oL _ 6AN/m?
“ T 133000N/md | 2

(24 — ZQ) = 27.38m
3. Length constraint (length of Hg column is 375 mm):

(22 — 23) + 160 mm + (23 — z3) + 27.38 mm = 375 mm
(ZQ - 23) = 93.18 mm

4. Locate surfaces:

Water: (21 — 22) + (22 — 23) = 375mm + 93.18 mm = 468 mm

The surface of the water is located 468 mm above the centerline of the horizontal leg

Mercury: (z4 — 22) + (22 — 23) = 27.38 mm + 93.18 mm = 121 mm

The surface of the mercury is located 121 mm above the centerline of the horizontal leg

5. Hydrostatic Equation:

SR R
VHg THeg
ps = 2ty (24— 23) = 0+ (133000N/m®) (0.121 m)
’YHg

P3 = Pmax = 16.1kPa gage
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|3.43: PROBLEM DEFINITION

Situation:
A manometer is used to measure pressure at the center of a pipe.

Oil (5=0.8) ﬁ

Water
-1
90 cm | |150 em| ™ water

Mercury 30cm
(s=136) - W¥. 4]

s/

Find:
Pressure at center of pipe A (kPa).

Properties:
Water (10°C, 1atm), Table A.5, Vyaier = 9810 N/ m3.
Mercury (20°C, 1atm),Table A.4, vy, = 133000 N/ m?
(assume this value applies at 10°C).
Oil. Since S = 0.8, 7, = (0.8) (9810 N/ m?) = 7848 N/ m?.

Since the manometer is applied to measure pressure at point A, select Eq. (3.21) of
EFM 10e in Table 3.2 (EFM 10e).

D1 = P2+ Z Yihi — Z%‘hi
up

down

Let point B be situated at the top of the water column. Then, let A = 1 and B =2

PA = DB+ Z vihi — Z”Yihi
up

down

Substitute terms

PA = DB T Vyater Pwatert + 7thHg — Yoitloil T Veater Pwater2

Since all terms on the right side of this equation are know, calculations may be done.

SOLUTION I
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pa = 0+ (9810N/m?) (0.9m) + (133000 N/ m?) (0.6 m)
— (7848 N/m”) (1.8m) + (9810N/m?) (1.5m)
= 89.2kPa

pa = 89.2kPa gage

1. To validate, look at left most leg of manometer. The pressure in the pipe is
holding up 600 mm of Hg and 0.9 m of water. Since 1 atm = 760 mm Hg =
10.33 ft of water, we can estimate the pressure as 600/760 + 1/10 ~ 0.9 atm.If
we assume that effects of the oil column (center leg) and water (right most leg)
cancel, we expect the pressure at A to be about 0.9 atm (which it is).

2. An alternative approach is to use specific gravity as shown below. This approach
makes calculations easier.

PaA = DBt Vyaterltwatert + Yighug — Yoirfoil + Vaterwater2
= DB+ VwaterPowater1 + SHgVwater Mg — Soil Vwater floil + Vivater fowater2
= DB+ Vyater (Mwater1 + Sughirg — Soithoil + Pvater2)
= 0+ (9810N/m?) (0.9 + 13.6 x 0.6 — 0.8 x 1.8 + 1.5) m = 89.5kPa
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|3.44: PROBLEM DEFINITION

Situation:
A system is described in the problem statement.
{1 =1m, {5 = 0.5m.
z4=10m, zg = 11 m.

Air

Elevation = z,

B

Qil (5 =0.85)
Elevation =z,

Find:
(a) Difference in pressure between points A and B (kPa).
(b) Difference in piezometric head between points A and B (m).

Properties:
v =9810N/m?, S = 0.85.

Apply the manometer equation.

SOLUTION I

Manometer equation (apply from A to B)

pa— (1m) (0.85 x 9810N/m?) + (0.5m) (0.85 x 9810N/m*) = pp
pa—pp = 4169Pa

pa —pp = 4.17 kPa

hA—h,B = (E—FZA)—(@—FZB)
g v

4169 N/ m?
_ 69N/ m m

0.85 x 9810 N/ m3
= —05m

Piezometric head

ha—hp =—050 m]|
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|3.45: PROBLEM DEFINITION

Situation:
A manometer attached to a tank.

Atmospheric
pressure = 100 kPa abs

Air
p =150 kPa abs _L

-
Mercury

Find:
Manometer deflection when pressure in tank is doubled.

Properties:
Patm = 100kPa, p = 150 kPa.

SOLUTION I

P — Patm = ’Yh

For 150 kPa absolute pressure and an atmospheric pressure of 100 kPa,
vh = 150 — 100 = 50 kPa
For an absolute pressure of 300 kPa
Yhnew = 300 — 100 = 200 kPa

Divide equations to eliminate the specific weight

Pnew 200
= =4.0

h 50

SO
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|3.46: PROBLEM DEFINITION

Situation:
A manometer is tapped into a vertical conduit.

|

18in

0oil

Find:
Difference in pressure between points A and B (psf).
Difference in piezometric head between points A and B (ft).

Properties:
From Table A.4, vy, = 847 Ibf/ft?.
Y1 = (0.95)(62.4 1bf/ft?)
— 59.28 Ibf/ft?
SOLUTION |

Manometer equation

pA+( ) ’.)/011 ( 2) ft. ’7011 ( ) ft Yoil
) ft rYHg (%) ft Yoil =

thus
pa—ps = (—1.75 1t.)(59.28 Ibf/ft*) + (0.25 ft.)(847 Ibf/ft°)
pa — pp = 108 psf

Piezometric head

Yoil
108.01 1bf/ft>
hy—hg = ————— +(1.5-0)ft
AT 59.28 1bf/ft? ( )

|ha — hp = 3.32 ft
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|3.47: PROBLEM DEFINITION

Situation:
Two manometers attached to an air tank.

0-gpatm Petm

|

Ahy

Find:
Difference in deflection between manometers (m).

Properties:

Dlett = 0.9Patm, Pright = Patm = 100 kPa.
7, = 9810 N/ m?.

SOLUTION I

The pressure in the tank using manometer b is

Pt = Patm — ’ywAhb

and using manometer a is
Pt = 0.9patm — Yoy Aha
Combine equations
Patm — VwBhy = 0.9patm — Y, Ahg
or
0.1patm = Yoo(Aby — AR,

Solve for the difference in deflection

0' ]-patm

Vw
0.1 x 10° Pa

9.81 x 103N/ m?

Ahy — Ah, =

Ahy — Ah, = 1.02 m]|
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|3.48: PROBLEM DEFINITION

Situation:
A piston scale is used to measure weight.
Weight range: 60 = 250 Ibf.
Height range: 4 — 6 ft tall.

f
]

Water

Piston /f/—.—

Find:
Select a piston size and standpipe diameter.

SOLUTION I

First of all neglect the weight of the piston and find the piston area which will give
reasonable manometer deflections. Equating the force on the piston, the piston area
and the deflection of the manometer gives

W = AhyA
where 7 is the specific weight of the water. Thus, solving for the area one has
W
 ~yAR

For a four foot person weighing 60 lbf, the area for a 4 foot deflection (manometer
near eye level of person) would be

60 1bt

— = 0.24 ft?
62.41bf/ ft> x 4 ft?
while for a 250 Ibf person 6 feet tall would be
250 1bf
= 0.66 ft

~ 62.41bf/ 65 x 6t

It will not be possible to maintain the manometer at the eye level for each person so
take a piston area of 0.5 ft2. This would give a deflection of 1.92 ft for the 4-foot, 60
Ibf person and 8 ft for the 6-foot, 250 Ibf person. This is a good compromise.

The size of the standpipe does not affect the pressure. The pipe should be big enough
so the person can easily see the water level and be able to read the calibration on
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the scale. A 1/2 inch diameter tube would probably suffice. Thus the ratio of the
standpipe area to the piston area would be

Appe  Zx(0.5in)?

= = 0.0027
Apiston 0.5 ft2 X 144 iI12/ ftz

This means that when the water level rises to 8 ft, the piston will only have moved

by 0.0027 x 8 = 0.0216 ft or 0.26 inches.

The weight of the piston will cause an initial deflection of the manometer. If the

piston weight is 5 Ibf or less, the initial deflection of the manometer would be
Wpiston

Ah, = ——— =0.16 ft or 1.92 inches
VApiston

This will not significantly affect the range of the manometer (between 2 and 8 feet).
The system would be calibrated by putting knows weights on the scale and marking
the position on the standpipe. The scale would be linear.
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| Problem 3.49

Using Section 3.4 and other resources, answer the questions below. Strive for depth,
clarity, and accuracy while also combining sketches, words and equations in ways
that enhance the effectiveness of your communication. There are many possible
good answers to these questions. Here, we give some examples.

a. For hydrostatic conditions, what do typical pressure distributions on a panel look
like? Sketch three examples that correspond to different situations.

Arrows (which represent normal stress) are compressive.
e Arrows are normal to the panel.

e Pressure varies linearly with elevation.

Slope of pressure with respect to elevation (dp/dz) equal the negative of specific
weight (dp/dz = —7).

b. What is a center of pressure? What is a centroid of area?

e The center of pressure is an imaginary point. If pressure distribution is replaced
with a statically equivalent "point force," then this resultant force acts at the
"center of pressure."

e The centroid of area is the "geometric center." For a flat plate, the centroid of
area is at the same location as the center of gravity for a thin uniform-density
plate of that shape,

c. In Eq. (3.23), what does p mean? What factors influence the value of p?

e P-bar (p)is the pressure evaluated at the elevation of the centroid of area.

e Typically p = 7vZz. Since this equation has two variable, there are two factors
that influence the value of p :

— The specific weight of the liquid.

— The vertical distance Z from liquid surface to the centroid of the panel.

d. What is the relationship between the pressure distribution on a panel and the

resultant force?
H
)F’ - / pdA

panel area

e. How far is the center of pressure from the centroid of area? What factors influence
this distance?
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e Distance is given by I/ (7A). Thus

— The shape of the panel determines 1.
— The depth of liquid and the angle of the panel determine 7.

— The size of the panel determines A.
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|3.50: PROBLEM DEFINITION

Situation:

Part 1. Consider the equation for the distance between the CP and the centroid
of a submerged panel (Eq. 3.33 in §3.4, EFMl1le). In that equation, y., is

a. the vertical distance from the water surface to the CP.

b. the slant distance from the water surface to the CP.

Part 2. Next, consider the figure shown. For case 1 as shown, the viewing window
on the front of a submersible exploration vehicle is at a depth of y,. For case 2,
the submersible has moved deeper in the ocean, to ys. As a result of this increased
overall depth of the submersible and its window, does the spacing between the CP
and centroid

(a) get larger,

(b) stay the same, or

(c) get smaller?

SOLUTION I

Part 1. The correct answer is (b), the slant difference from the water surface to
the CP.

Part 2. The answer is (c), get smaller. Consider equation 3.33 in §3.4 (10e) for

the spacing of the CP and centroid, giveil by Yep — Y = QLA. On the right-hand side
of the equation, the moment of inertia / and the area A do not change. Only ¥y
changes. As both the CP and centroid get deeper,  increases, so the space between

them decreases.
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|3.51: PROBLEM DEFINITION

Situation:

Which of these assumptions and/or limitations must be known when using Eq. 3.33
of §3.4 (EFM11e) for a submerged surface or panel to calculate the distance between
the centroid of the panel and the center of pressure of the hydrostatic force (select all
that apply):

a. The equation only applies to a single fluid of constant density

b. The pressure at the surface must be p = 0 gage

c. The panel must be vertical

d. The equation gives only the vertical location (as a slant distance) to the CP,
not the lateral distance from the edge of the body

SOLUTION I

The correct answers are a, b, and d
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|3.52: PROBLEM DEFINITION

Situation:
Two cylindrical tanks have bottom areas A and 4 A respectively, and are filled with
water to the depths shown in the problem statement.

Find:

a. Which tank has the higher pressure at the bottom of the tank?

b. Which tank has the greater force acting downward on the bottom circular
surface?

Use the hydrostatic equation,

P=—yAz

SOLUTION I

Part a) Which tank has the higher pressure at the bottom?

Tank 1
P, = vh at the bottom
Tank 2
1 1
P, = 7(§h) = §7h at the bottom
Solution:

Tank 1 has the higher pressure at the bottom

Part b) Which tank has the greater force acting downward at the bottom?

Use F'=pA
[SOLUTION]
Tank 1
i =pA=~hA
Tank 2
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Solution:

1
P, =pA= (;yh) (4A) = 2vhA

Tank 2 has the greater force acting downard on the tank bottom

()




|3.53: PROBLEM DEFINITION

Situation:
Irrigation ditch and gate
2 ft wide, 2 ft deep, and the ditch is completely full of water
There is no water on the other side of the gate
Hot weather, so the water is 70°F

Find:
Fpy acting on the gate

Properties:
From Table A.5 (EFM 10e): Y,u1, = 62.31bf/ ft* at 70°F

Use the concept of calculating the magnitude of a force acting on a panel.

SOLUTION I

Use Eq. 3.28 in §3.4

F, = pA
F, = ~hA where h = depth to centroid = 11t

62.3 1bf 11t 2ft x 21t
By = £t AU

F, = 249 Ibf
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|3.54: PROBLEM DEFINITION

Situation:
Irrigation ditch and gate
2 m wide, 1.5 m deep, and the ditch is competely full of water
There is no water on the other side of the gate
Winter; water is 5°C

Find:
(a) F, acting on the gate (1bf)
(b) Distance from y,., to bottom of channel(ft)

Properties:
From Table A.5 (EFM 10€): 7yarer = 9810N/ m? at 5°C

(a) Use F, = pA;where p = vZ.
All variables are known except F; so these equations can be solved for F.
The steps in detail are as follows:

e Locate depth to the centroid (Z)by inspection (center of the panel).

e Know the pressure at the depth of the centroid comes from the hydrostatic
equation.

e Find the resultant force using F), = pA.

(b) Find the distance between the centroid and the CP using y., — 4 = I/ (JA)
All variables are known.
Then, the distance from y., to bottom of channel is given by % — (y, — 7)

SOLUTION I

(a) Depth of the centroid of area:

h
z = 5= (1.5m) /2
zZ=0.75m
Force at the depth of the centroid
F, = pA
= (WAz)A
(9810N/m?*)(0.75m)(2m x 1.5m)
| F =22.1 kN|
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(b) Distance from y,., to bottom of channel; first calculate y., —
_ I
Yep — Y = A
((2 x 1.5%) /12) m*

(0.75m) (2m x 1.5m)
Yp — Y = 0.25m

N

Distance from ., to bottom of channel = 0.75m — 0.25m
|Distance = 0.50 m|
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|3.55: PROBLEM DEFINITION

Situation:
Two submerged gates are described in the problem statement.

SSrEie=== o SR Shaft
Water Water
~— Gate 4 «— Gate B
i 4 Shaft H
atmospheric Atmospheric
pressure pressure

Find:
Determine which statements are true.
(a) T4 increases with H.
(b) T increases with H.
(c) T4 does not change with H.
(d) T does not change with H.

Apply equilibrium equations. Apply hydrostatic force equations.

SOLUTION I

Let the horizontal gate dimension be given as b and the vertical dimension, h.

Torque (Gate A). Equilibrium. Sum moments about the hinge:
TA =F (ycp - g)
Hydrostatic force equation (magnitude)

F = pA

Hydrostatic force equation (center of pressure)
T
pr y - :yA
bh? 1
—_———
12 (H — %) bh

Combine eqns. 1 to 3:

TA = F(ycp_g>

= [ (- 2)u] [&m]

o
- T
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Therefore, T's does not change with H.

Torque (gate B). Equilibrium. Sum moments about the hinge:

T~ F (5 +0 1) 5)

Combine eqns. 2, 3, and 5:
h
TB = F <§ + ycp — 'g)

- [ (n-2)0] [hﬂm]

vh2b (3H — h)
6

Thus, T4 is constant but T increases with H.

Case (b) is a correct choice.

Case (c) is a correct choice.

Case A provides an example of how to design a gate so that the torque to hold the
gate closed is independent of water depth.
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|3.56: PROBLEM DEFINITION

Situation:
This problem involves Gate A (see sketch).

e o Shaft
Water Water
~— Gate 4 l«— Gate B
o 4 shaft H
atmospheric Atmospheric
pressure pressure

Find:

Choose the statements that are valid for Gate A.

(a) The hydrostatic force acting on the gate increases as H increases.

(b) The distance between the CP on the gate and the centroid of the gate decreases
as H increases.

(c) The distance between the CP on the gate and the centroid of the gate remains
constant as H increases.

(d) The torque applied to the shaft to prevent the gate from turning must be
increased as H increases.

(e) The torque applied to the shaft to prevent the gate from turning remains
constant as H increases.

SOLUTION I

Let the horizontal gate dimension be given as b and the vertical dimension, h.

Torque (Gate A). Sum moments about the hinge:
Ta = F(yep — 9) (1)

Hydrostatic force equation (magnitude)
F = pA (2)

h
= v(H—<)bh
(-3)

Hydrostatic force equation (center of pressure)

T
Yo =¥ = 73 (3)

o
12 (H — %) bh
Combine eqns. 1 to 3:

TA = F(ycp_g>

= [ (- 2)u] [&m]

bh3
=7 19 (4)
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Therefore, T’y does not change with H. The correct answers are obtained by reviewing
the above solution.

a, b, and e are valid statements.
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|3.57: PROBLEM DEFINITION

Situation:
Water exerts a load on square panel.
d=23m, h=2m
Find:
(a) Depth of the centroid (m).
(b) Resultant force on the panel (kN).
(c) Distance from the centroid to the center of pressure (m).

Properties:
Water (15°C), Table A.5: v = 9800 N/ m?.

1. Locate the centroid by inspection (center of the panel).

2. Find the pressure at the depth of the centroid using the hydrostatic equation.
2. Find the resultant force using F' = pA.

3. Find the distance between the centroid and the CP using y., — 4 = I/ (§A)

SOLUTION I

1. Depth of the centroid of area:

Z = d+h/2=23m+ (2m) /2
2. Hydrostatic equation:
p =17z = (9800N/m?) (3.3m) = 32.3kPa
3. Resultant force:
F = pA=(32.3kPa)(2m) (2m)

F =129 kN

4. Distance between centroid and CP:
e Find I using formula from Fig. A.1 (EFMl1e).

bh?  (2m)(2m)® A
v _emjem) g
G T 333 m

~l

e Recognize that y =7z = 2m.

e Final calculation:

(1.333m*)
(3.3m) (2m)?
Yep — Y = 0.101 m

—_— 7 J—
pr y - 'gA -




|3.58: PROBLEM DEFINITION

Situation:
Seawater exerts a load on a round viewing window.

h=20m,60=60°D=08m
= /
- Window
h /

Sea water F
D
~
60°
Find:
Hydrostatic force on the window (kN).
Locate the CP (center of pressure).
Properties:
Seawater: SG = 1.03, v = 1.03 x 9810N/m?® = 10100 N/ m?.
PLAN

1. Find distances using trig.

2. Find the pressure at the depth of the centroid using the hydrostatic equation.
2. Find the resultant force using F' = pA.

3. Find the distance between the centroid and the CP using 4., — § = 1/ (§A)

SOLUTION I

1. Distances:

e Slant height
D h  0.8m 2m

g=75+

_ _ 9.
2 " sing 5V sme ~ 2T9m

e Depth of centroid

D
Az =+ sin60" = 2m + M §in60° = 2.346 m

2. Hydrostatic equation:
p=7Az = (10100N/m?) (2.346 m) = 23.7kPa

3. Resultant force:

7(0.8m)>

F =pA = (23.7kPa) =119 kN

|F =119 kN|

4. Distance to CP:
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e Find [ using formula from Fig. A.1 (EFMlle).

_ 4 4m)?

ot _mO0Am) oo me
4 4

e Final calculation:

I (0.0201 m*)
1/ o 7(0.8m 2
JA - (2700m) (HO5m0)

Yep — Y = = 0.01476 m

Yep — Y = 14.8 mm

85



|3.59: PROBLEM DEFINITION

Situation:
Water exerts a load on a submerged gate.
d=12 m,h=6 m,w=6 m

ke

Water

ol h x w gate

F oo c:.u=7 S e ca‘t
A

hi2 4

Pivot

A
hi2
Y
e o g Ke o 5 ol oi
- A " - N A -
o \
P Po el o0 Block
RN - B -

Find:
Force of gate on block (kN).

SOLUTION I

Hydrostatic force

F, = pA
= A
= (12m) x (9810N/m?) x (6 x 6) m”
= 4238 x 10°N

Center of pressure

Yep =Y = —=

(6 x 6/12) m*
(12m) (6 x 6) m?
= 0.250m
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Equilibrium (sum moments about the pivot)

h
Fy (Yep — Y) — Firoek (§m) =0

(4.238 x 10°N) (0.250m) — Fijoex (3m) = 0
Fooex = 353160N (acts to the left)

Fon gate = 353kN
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|3.60: PROBLEM DEFINITION

Situation:
A rectangular gate is hinged at the water line.
L =11t h=4ft, b=>5.8ft.

L Hinge

v

A

Water

Find:
Force to keep gate closed.

Properties:
From Table A.4, Yyaer = 62.4 Ibf/ft3.

SOLUTION I

Hydrostatic Force (magnitude):

E, = pA
= (g0 x ) (h x b )
= (62.41bf/ft* x 2ft) (4 x 5.8ft7)
= 2895 Ibf

Center of pressure. Since the gate extends from the free surface of the water, Fg
acts at 2/3 depth or 8/3 ft below the water surface.

Moment Equilibrium - sum moments about the hinge.
S =
(Fp X Yep) = (A X F) = 0

2895 Ibf x 8,3 ft
F =
Aft

| F = 1930 Ibf |
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|3.61: PROBLEM DEFINITION

Situation:
A rectangular gate is hinged at the water line.
L=03m, h=2m,b=2m

L Hinge

v 4

A

Water

Find:
Force to keep gate closed.
Properties:
From Table A.4, Yyaer = 9810 N/ m?
SOLUTIONI
Hydrostatic Force (magnitude):
F, = pA

(VHQO X gj) (h X b m2)
= (9810N/m’ x 1m) (2 x 2m?)
= 39,240N
Center of pressure. Since the gate extends from the free surface of the water, Fg

acts at 2/3 depth or 4/3 m below the water surface.

Moment Equilibrium - sum moments about the hinge.
2 M =

(F, x4/3m)— (h x F) =

~39,240N x 4/3m

2m

F =26.2kN

F
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|3.62: PROBLEM DEFINITION

Situation:
A submerged gate sits at an angle.
h=6m,b=4m,d=3m, 6§ =30°.

Hinge

Atmospheric
pressure

Stop

Find:
Force at point A - acting normal to the gate

Assumptions:
Gate is weightless.

Properties:
Water, Table A.5: v = 9810 N/ m3.

The reaction at A can be found by summing moments about the stop. The steps are
1. Find the hydrostatic force.

2. Locate the center of pressure.

3. Sum moments about the stop.

SOLUTION I

1. Hydrostatic force (magnitude)

F, = pA
h o
= [d+(§)cos30]><fy><bh

(1 m +2.5m x cos 30°)(9810 N/m?) x 20 m?
F, = 620,986 N
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2. Center of pressure:

_ h/2

vy = cos 30°

P 14 2.5

y = cos 30°
= 3._887 m

I
ycp -y = Q_A
(4 x 5%/12) m*
3.887 m x 20 m?2
= 0.5360 m

3. Moment equilibrium about the stop:

Z Mstop
(h) Ba— (h/2 = (yep — 9)) X Fp
(5m) Ry — (2.5m — 0.5360m) x 620,986 N

Thus

| Ra = 244KkN |
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|3.63: PROBLEM DEFINITION

Situation:
A submerged gate holds back water.
b=2m
=
Hinge I‘ m
2 m-wide gate
Water
4m
)
! 3m |
Find:

Force P required to begin to open gate (kN).

Assumptions:
Gate is weightless.

Properties:
Water, Table A.5: v = 9810N/m?.

SOLUTION I

The length of gate is v/42 4+ 32 =5 m
Hydrostatic force

F = pA
= (7Az2) A
= (9810N/m*)(3m)(2m x 5m)
= 294.3 kN
Center of pressure
g
Yep Yy = ng

(2 x 5% /12) m*
(25m+1.25m) (2m x 5m)
= 0.5556m
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Equilibrium

Z Mhinge =0

294 3kN x (2.5m + 0.5556m) — (3m) P =0

P =299.75kN
P = 300kN
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|3.64: PROBLEM DEFINITION

Situation:
A submerged gate opens when the water level reaches a certain value.

A Atmospheric
pressure
Water l /
Square gate | o.goe
R
Fivot 0.40¢
\ ¥
Stop

Find:
h in terms of ¢ to open gate.

As depth of water increase, the center of pressure will move upward. The gate will
open when the center of pressure reaches the pivot.

SOLUTION I

Center of pressure (when the gate opens)
Yop—F = 0.600— 0.5
— 0.10¢ (1)

Center of pressure (formula)

I
ycp -y = q

_(exe) 12

T Gt iR)e 2)
Combine Egs. (1) and (2)
(0 x £3) /12
(h+1¢/2)¢?

14

12(h +¢/2)
ho= oot

6

1
=
3

h=10/3

0.10¢ =

0.10 =
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|3.65: PROBLEM DEFINITION

Situation:
A butterfly valve is described in the problem statement.

D =12ft, H =601t, 8 = 30°
v
Water ’_\

H Butterfly
valve

Shaft

Atmospheric
pressure

Diameter= D

Find:
Torque required to hold valve in position (ft-1bf).

SOLUTION Hydrostatic force

F = pA=7y~A
D2
= (H ft x 62.4 Ib/ft%) (7r X T) ft?

12 ft)*
- (60 £t % 62.41bf/ £ % 7 %)

= 423,436 Ibf

Center of pressure, where I for a circle is given by 7r/4

_ I
Yep =Y = Q_A
mrt /4
yrr?
(6 1t)* /4

60 ft,/0.866
= 0.1299 ft

Torque

Torque = 0.1299ft x 423,436 1bf
T = 55,000 ft-1bf
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|3.66: PROBLEM DEFINITION

Situation:
A submerged gate may fall due to its weight (or be held in place by pressure).
y1=1m, yo =4m, w=1m.

W = 150kN, a = 45°.

Standard
atmospheric
pressure

Gate ¥z

Hinge

Find:
Will the gate fall or stay in position?

Properties:
Water (10°C), Table A.5, v = 9810 N/ m3.

SOLUTION I

1. Geometry

e Slant height:
yi+yp/2 _ (1+4/2)m

=4.24
sin « sin 45° Sm

g:

e Depth of centroid:
4
Az:yl—F%: <1+—) m = 3m

o Panel surface area

2. Pressure at Centroid:

p=7Az = (9810N/m?) (3m) = 29.43kPa
3. Hydrostatic force:

F = pA = (29.43kPa) (5.657m*) = 166.5kN

4. Distance from CP to centroid:
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e Area moment of inertia from Fig. A.1 (EFMlle):

7 — wh?
12
hoo M Am g
"~ sina sin4h° m
3 3
[ wh” (1m) (5.657m) 15,00 m®

12 12

e Final Calculation:

7 4
Yoo — Y = giA - (4.24%121.)0?5].(25)7 ) — -0287m
5. Torques:
e Torque caused by hydrostatic force:
Th = g — (Yep — ) = 5'6‘27m —0.6287m = 2.200m

Tus = Fy, = (166.5kN) (2.2m) = 366 kN - m

e Torque caused by the weight:
/2 4m/2
Y tana  tan4h°

Tw = Wz, = (150kN) (2m) = 300kN - m

The torque caused by the hydrostatic force exceeds the torque caused by the weight:
So the | gate will stay in position.
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|3.67: PROBLEM DEFINITION

Situation:
A submerged gate may fall due to its weight.
yp = 3ft, yo = 61ft, w = 3ft.
W = 18000 1bf, o = 45°.

Standard
atmospheric
pressure

Gate ¥z

Hinge

Find:
Will gate fall or stay in position?

Properties:
Water (50°F), Table A.5, v = 62.41bf/ ft*.

SOLUTION I

1. Hydrostatic Force:

o Area: 6 it
A= wu= % 3t = 25.46 ft?

sin « sin 45°

e Depth of the centroid of the plate:

6 ft

e Final Calculation:

F =pA =~AzA = (62.41bf/ ft*) (6 ft) (25.46 ft*) = 9532 Ibf

2. Distance from CP to centroid:

e Area moment of inertia from Fig. A.1:

7 wh?
12
f
hoo Y2 O g s
sin o sin 45°
3 3
o wh _ (31t) (8.485 ft) 1597t

12 12
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e Slant height:

_h Y1 8.485 ft 3ft
= — = = 8.485f
Y 2 * sin « 2 sin 45° SA85 It
e Final Calculation:
T (152.7ft*) 07060 £
Yo T YT GA T (8485 1t) (264617
3. Torque due to weight:
e Moment arm: ot 45
t t) (t o
.T1:y2 ;na( )(2an ):Sft

e Final calculation:

M; = Way = (180001bf) (3 ft) = 54000 ft Ibf

4. Torque due hydrostatic pressure:

e Moment arm:

m2:}1/2_(.7%1)_@)_

e Final calculation:

84851t

— (0.7069 ft) = 3.536 ft

M = Fay = (95321bf) (3.536 ft) = 33705 ft Ibf

Since the torque due to weight exceeds the torque due to hydrostatic pressure:

the gate will fall|.
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|3.68: PROBLEM DEFINITION

Situation:
A submerged gate is described in the problem statement.

View A-A

Find:
Hydrostatic force (F') on gate.
Ratio (Ry/F) of the reaction force to the hydrostatic force.

SOLUTION I

F = pA
2h W h/ sin 60°
— h _— _—
(1+5) (5
_ 5y Wh?
33
I W(h/sin60°) y Wh
Yo =Y = TA T (36 x (5h/(3simn60°))  2sin 60°
ok
153
SM = 0
h h
Rrh/sin60° = F (e
e’ = ¢ |(s5r) < (503
fr _ 3
F 10
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|3.69: PROBLEM DEFINITION

Situation:
A concrete form is described in the problem statement.
1 =1.8m,b=1m, 6 =60°

New pour level

—

Cantilevered

form \

JJJJJJJ
eeeeee

N 0 bconcrete s |
e

2o 0 ° %oo . ‘bgr?
] ¢

Find:
Moment at base of form per meter of length (kN-m/m).

Properties:
Concrete, v = 24 kN/ m3.

Assumptions:
Assume that the form has a width of w = b =1 meter into the paper.

Find the moment by muliplying the hydrostatic force by its moment arm. The plan
for reaching the goal is:

1. Calculate the hydrostatic force.

2. Calculate the centroid of area using I = bh?®/12.

3. Calculate the center of pressure.

4. Use results from steps 1 to 4 to calculate the moment.

SOLUTION I

1. Hydrostatic force

F = pA=~zhw

) =2.078m

h = height of | =
eight of pane (sm60°
8
2

F = (24000N/m3)( )(2 078 m) (1m) = 44895 N

2. Moment of Inertia of a rectangle

I bh*  (1m)(2.078 m)’
12 12

= 0.7483 m*

3. Center of pressure
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4. Moment at base

ycp -

Yep —

D@ @

|

I
yA
= (2.078m) /2 = 1.0392m
hw = (2.078m) (1 m) = 2.078 m?
(0.7483 m*)

_ — 0.3464
(1.0392m) (2.078 m?) o

(force) (moment arm)
(44895N) (2.078 m/2 — 0.3464 m)
M = 31.1 kN-m per meter of form
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|3.70: PROBLEM DEFINITION

Situation:
A submerged gate is described in the problem statement.
6 =45°.

Find:
Is the gate stable or unstable.

SOLUTION I

2 8
— X
3 cos4h°

Point B is (8/cos 45°) m - 3.5 m = 7.81 m along the gate from the water surface;

therefore, the gate is

Yep = =754 m
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|3.71: PROBLEM DEFINITION

Situation:
Two hemispherical shells are sealed together.
r, = 10.5cm, r; = 10.75 cm.

Find:
Force required to separate the two shells.

Assumptions:
The pressure seal is at the average radius (r = 10.6 cm)

Properties:
Parm = 101.3kPa, p; = 0.25patm -

1. Apply equilibrium to a freebody comprised of the top half of the shell plus the air
inside.
2. Calculate the force.

SOLUTION I

1. Equilibrium.

F
pul ﬁ l PatmA
? PinsideA

SF, = 0
Fpull+piA_path = 0

2. Force to separate shells.

Fpull = (patm - pz) A= Patm (]. — 025) A
= (1 -0.25) (101000N/ m?) (7 (0.106 m)?)
— 2670N
Fou = 2670N
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|3.72: PROBLEM DEFINITION

Situation:

A plug sits in a hole in the side of a tank.
2 =2m, ro—ring = 0.2m, 7pjy = 0.25m.

Find:

0.2m

0.25m

Horizontal and vertical forces on plug.

Properties:

Water, Table A.5: v = 9810N/m?.

SOLUTION I

Hydrostatic force

Fy

9810N/m® x 2m x 7 x (0.2m)’

| F), = 2465 N|

The vertical force is simply the buoyant force.

F,

4
9810 N/ m? x 5 XX (0.25m)*
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|3.73: PROBLEM DEFINITION

Situation:
A dome below the water surface is described in the problem statement.
Y1 =1m, yo = 2m.

T Hemi- .
¥z spherical Atgg:sgf er =
l dome

[

Find:
Magnitude and direction of force to hold dome in place.

Properties:
Water (10°C), Table A.5: v = 9810 N/ m?.

SOLUTION I

1. Horizontal component of force.

Fy = (Im+1m)9810N/m® x 7 x (1 m)?
= 61,640 N =61.64 kN

2. Center of pressure.

(ycp_@) = yLA
7 x (1m)* /4
2m x 7 X (1m)°
= 0.125m

3. Vertical component of force

Fy = (%) (“XTW) 9,810N/ m?

= 20,550 N
Fy = 20.6kN

4. Answer

Fhorizonta = 61.6 kN (applied to the left to hold dome in place)
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Line of action is 0.125 m below a horizontal line passing through the dome center

Fyertical = 20.6 kN (applied downward to hold dome in place)
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|3.74: PROBLEM DEFINITION

Situation:

Three spheres of the same diameter are submerged in the same body of water.
One sphere is steel, one is a spherical balloon filled with water, and one is a spherical
balloon filled with air.

a. Which sphere has the largest buoyant force?

b. If you move the steel sphere from a depth of 1 ft to 10 ft, what happens to the
magnitude of the buoyant force acting on that sphere?

c. If all 3 spheres are released from a cage at a depth of 1 m, what happens to the
3 spheres, and why?

SOLUTION I

Answers:

a. All 3 spheres have the same bouyant force, because they all have the same
diameter, and all displace the same volume of water (assuming the air-fillled balloon
doesn’t compress under the compressive inward force that would be incurred, and
would increase as you moved the balloon deeper). Remember, F}, is a function of the
specific weight of the displaced fluid, not the specific weight of the displacing body.
b. When you move the steel sphere deeper, F;, does not change.

c. To answer this question about releasing the 3 spheres from a cage, do a force
balance on each of the 3 bodies. For all 3 cases, the force balance results in W acting
down, and Fj, acting up. For the case of the steel sphere, W is greater than Fj, so
the steel sphere sinks. For the case of the water balloon, W and F; are essentially
the same, so the water balloon hovers at the same depth, assuming the weight of
the ballon’s rubber is negligible. Since rubber is lighter than water, the water-filled
ballon might appear to hover, or move just perceptibly upward. For the case of the
air-filled balloon, W is significantly less than Fj, so the air-filled ballon would move
upward. If the air-filled balloon were compressed due to the inward-acting water
pressure, this would make Fj even smaller because the volume would decrease.
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|3.75: PROBLEM DEFINITION

Situation:
In air, a rock weighs W,;, = 980 N.
In water, a rock weighs W ater = 609 kg.

Find:
The volume of the rock (liters).

Properties:
Water (15°C) ,Table A.5, v = 9800 N/ m3.

1. Apply equilibrium to the rock when it is submerged in water.
2. Solve the equation from step 1 for volume, convert volume to L.

SOLUTION I

1. Equilibrium:

Force to hold
rock stationary in water » + {

Buoyant Force } B { Weight of rock }
(apparent weight)

on rock n air

Wwater + FB - Wair
Wwater + ’7{7[ Wair
609N + 9800 N/ m¥= 980N

2. Solve for volume, report volume in L.

~ 980N — 609N
~ 9800N/m3

= 0.0378 m>
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|3.76: PROBLEM DEFINITION

Situation:
A gold pendant is submerged in water
Min air — 100g =0.1 kg, Wi air = 0.981 N.
Min water = 94.8 = 0.0948 kg; Wiy water = 0.930 N.
SG of gold is 19.3

Find:
The SG of the pendant, and decide to bid if SG > 19.0

Properties:
Water, v = 9810 N/ m3.

To find the SG, find p,q,qane, using the definition p = 42,
For density, unknown is volume of the pendant.

To get Vpena use Archimedes Principle: Fp = Y90 Viisp-
Find Fp from a free-body diagram on the body in water
Relate p,engant t0 Pyater t0 check whether SG > 19.0.

SOLUTION I

Free-body diagram on pendant in equilbrium (pendant submerged in water):

in water

Weight of pendant
&
(apparent weight)

Buoyant Force | | Weight of pendant
on pendant a in air

I/Vin water + /YHQOV - W in air
Solve for volume:

V[/in air — I/Vin water

¥V =
YH20
0.981N — 0.930N
= =52x10"%m?
9810 N/ 3 eom
Solve for density (definition):
B 0.1kg
Prendant = 575727706 13

Ppendant = 197 261kg/ m3
Specific gravity (definition):

SG = ppendant _ 19, 261 kg/ m3

=19.2
1000 kg/me 020

pwater

SG > 19.0, so decide to bid
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|3.77: PROBLEM DEFINITION

Situation:
A cube is suspended in carbon tetrachloride.
my; =610g, L = 0.094m

! Balance beam scale

AN \ | Cube with mass m,
Block with / v

mass m, j —
IL

Carbon tetrachloride

Find:
The mass of the cube (kg).

Properties:
Carbon Tetrachloride (20°C) ,Table A.4, v = 15600 N/ m?.

1. Find the force on the balance arm scale by finding the weight of the block.
2. Find mqy by applying equilibrium to the cube.

SOLUTION I

1. Force on balance arm:

Force on Weight
{ balance arm } - { of b]gock } =mg = (0.61kg) (9.81m/s?) = 5.984N

2. Equilibrium (applied to cube):

{ Force on } n { Buoyant Force } —  {Weight of cube}

balance arm on cube
F+’Y(L2)3 = Mag

Solve for my :

_ Py (Ly)®  (5.984N) + (15600 N/ m?) (0.094 m)®

e g 0.81m/ s?
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|3.78: PROBLEM DEFINITION

Situation:
A rod is floating in a liquid.

Find:

Determine if the liquid is
a. lighter than water
b. must be water
c. heavier than water.

SOLUTION I

Rod weight

Since part of the rod extends above the liquid,

Fp < VﬁyLiq = 3LA7L1q (2)

Equilibrium applied to the rod

W = Fp (3)
Combine Egs. (1), (2) and (3).

4LAyy < 3LAvy,

4

VLiq =~ g%v-

The liquid is more dense than water so is answer |c).
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|3.79: PROBLEM DEFINITION

Situation:
A ship is sailing from salt to fresh water.
W = 40000 tons = 80 x 106 Ibf.
A = 38000 ft*, L = 800 ft.

Find:
Will the ship rise or settle?
Amount (ft) the ship will rise or settle.

Properties:
Seawater, v, = (1.03)62.41bf/ ft*

1. To establish whether the ship will rise or settle, apply the equilibrium equation.
2. Determine the volume displaced in both salt and fresh water.
3. Calculate the distance the ship moves up or down.

SOLUTION I

1. Equilibrium. The weight of the ship is balanced by the buoyant force

W= Fp =~V

As the ship moves into freshwater, the specific weight of the water decreases Thus,
the volume of the displaced water will increase as shown below.

W=Fp=(v1])(¥1)

Thus [the ship will settle|.

2. Volume displaced (salt water):
W = Fp =,V

W 80 x 10°Ibf
7, 1.03(62.41bf/ )

Volume displaced (fresh water):
W =F B=7 fo

W 80 x 10°1bf
v, 62.41bf/ ft?

3. Distance Moved. The distance moved Ah is given by

f:

AV = AAh
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where A¥ is the change in displaced volume and A is the section area of the ship at
the water line. Thus:

(80 % 108 lbf) ( 80 x 106 Ibf

= f2 A
62.4lbf/ ft3 103 (62.4 lbf/ ftS)) (38000 t ) h

Thus:

| Ah = 0.983 ft |
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|3.80: PROBLEM DEFINITION

A ship is sailing from fresh to salt water.
W =300 MN = 300 x 105 N.
A =2600m?, L =150m?.
Find:
Will the ship rise or settle?
Amount (m) the ship will rise or settle.

Properties:
Seawater, v, = (1.03)9810 N/ m?

1. To establish whether the ship will rise or settle, apply the equilibrium equation.

2. Determine the volume displaced in both salt and fresh water.
3. Calculate the distance the ship moves up or down.

SOLUTION I

1. Equilibrium. The weight of the ship is balanced by the buoyant force

W =Fp =7V

As the ship moves into saltwater, the specific weight of the water increases.

the volume of the displaced water will decrease as shown below.

W=Fg=(@1)M¥])

Thus [the ship will rise|.

2. Volume displaced (salt water):
W =F B =7 SVS

w 300 x 10N

VS = — =
v. 1.03(9810N/m?)

Volume displaced (fresh water):
W =F B=7 fo

W 300 x 10°N
v, 9810N/m?

3. Distance Moved. The distance moved Ah is given by

V=

AV = AAh

Thus,

where AV is the change in displaced volume and A is the section area of the ship at

the water line. Thus:
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(300 X 106N) B < 300 x 106N

A i = (2600 m?) Ah
0810 N/ m? 1.03(9810N/m3)> (260020°)

Thus:

| Ah = 0.343 ft|
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|3.81: PROBLEM DEFINITION

Situation:
A spherical buoy is anchored in salt water.
W, =1800N, D = 1.2m.
T =5000N, y = 50m.
Find:
Weight of scrap iron (N) to be sealed in the buoy.

Properties:
Seawater, Table A.4 v, = 10070 N/ m?.

1. Find the buoyant force using the buoyant force equation.
2. Find the weight of scrap iron by applying equilibrium.

SOLUTION I

1. Buoyant force equation:

7(1.2m)?

Fp =~,V=(10070N/m?) =9111N

2. Equilibrium

SF, = 0
Fp = V[/buoy + W@crap +7T
9111N = 1800N + Wierap + 5000 N

Weerap = 2310N
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|3.82: PROBLEM DEFINITION

Situation:
A block is submerged in water.
Wiater = 390N, W, = TOON.
Find:
The volume of the block (liters).
The specific weight of the material that was used to make the block (N/m?).

Properties:
Water (15°C) ,Table A.5, v = 9800 N/ m3.

1. Find the block’s volume by applying equilibrium to the block.
2. Find the specific weight by using the definition.

SOLUTION I

1. Equilibrium (block submerged in water):

block in water

(apparent weight

Force to hold
) T { on block in air

Buoyant Force } _ { Weight of block }

Wwater + FB - Wair
Wwater + W/HQOV - Wair

Solve for volume:
Wair - Wwater

YH20

700N — 390 N
= — " —0.0316m>
9800 N/ m? o

V=316 L
2. Specific weight (definition):

_ weight of block 700N
Thlock = volume of block  0.0316 m3

= 22129N/m?

Votock = 22.1kN/m?

118



|3.83: PROBLEM DEFINITION

Situation:
A cylindrical tank is filled with water up to depth Dy,p.
A cylinder of wood is set afloat in the water.
Dtank =1 ft, Dwood = 5in.
Waood = 3.51bf, Lyooq = 61n.

Find:
Change of water level in tank.

Properties:
Water, Table A.5: v = 62.41bf/ ft>.

When the wood enters the tank, it will displace volume. This volume can be visualized
as adding extra water to the tank. Thus, find this volume and use it to determine
the increase in water level.

1. Find the buoyant force by applying equilibrium.

2. Find the displaced volume by applying the buoyancy equation.

3. Find the increase in water level by equating volumes

SOLUTION I

1. Equilibrium

weight of block = buoyant force on block
Fg = Wiioa = 3.51bf
2. Buoyancy equation

FB = VHQOVD == 351bf

_ 3.51bf
©62.41bf/ £t

3. Find Ah of the tank resulting from volume change

5 = 0.05609 ft>

¥p = (volume change) = (tank section area) (height change)

0.05609 ft3 = Ah

7 (11t)?
4

|Ah = 0.0714ft = 0.86in |
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|3.84: PROBLEM DEFINITION

Situation:
A platform floats in water.
VVplatform =30 kN, chlindcr =1 kN/ m.
Yy = 1 m, Dcylinder =1m.

10m i .
Floating
L platform
N Tm Weight = 30 kN
\ — ~— Diameter = 1 m

Find:
Length of cylinder so that the platform floats 1 m above water surface.

Properties:
Ywater = 10,000 N/ m3.

SOLUTION I

1.Equilibrium (vertical direction)

Weight of Weight of Buoyant force
+4 . =4 .
platform a cylinder on a cylinder

(30000N)+4L(1000N> 4 (vVp)
(30()00N)+4L<1O?§N> <10000N>< (4 m)° (L_1m>>

1. Solve for L
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|3.85: PROBLEM DEFINITION

Situation:
A block floats in two layered liquids.
b=6L, h=3L.
P= U'/?S pwater
v ] v
L T SG=1.0
3L —
T l d="?
Y
l SG=1.2
1k 6L -
Find:

Depth block will float.

Assumptions:
The block will sink a distance y into the fluid with S = 1.2.

Properties:
Polock = 0. 75pwater .

SOLUTION I

1. Equilibrium.

> F, =0
([ Weight + Pressure force _ 0
of block on btm of block N
- (%1001() (ryblock) + pbth =0
—(6L)? x 3L X 0.75%ater + (L X Yoater + ¥ X 1.29y,)36L% =0
y = 1.105L

d=y+ L
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|3.86: PROBLEM DEFINITION

Situation:
A submerged gate has a concrete block attached to it.
b=1m, {=3m.

p
\:) iy
Stop
. Submerged
£ ? 4—— concrete
PN block
\ Water Hinge

Find:
Minimum volume of concrete to keep gate in closed position (m?).

Properties:
Concrete v = 23.6 kN/ m3.

SOLUTION I

Hydrostatic force on gate and CP

F = pA=0.5/m x 9,810N/m?® x 3m x 1m = 44,145 N
I 1m x (3m)?
gA  12x0.5/m x 3m x 1m

Yp — Y = =0.5m

Sum moments about the hinge to find the tension in the cable

1-0.5

= 11772 N
1.25¢ 77

T = 44,145 x

Equilibrium applied to concrete block

Tension Buoyant \ .
( in cable > T ( force ) = (Weight)
T + V7H2O = V’YC
Solve for volume of block

T

Ve — ,YHQO
11772 N

23,600N/m? — 9, 810N/ m?

V:

|V = 0.854 m?]
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|3.87: PROBLEM DEFINITION

Situation:
Ice is added to a cylindrical tank holding water.
d=2ft, h =4ft.
Wice = 51b.

Find:

Change of water level in tank after ice is added.
Change in water level after the ice melts.
Explain all processes.

Properties:
Ywater — 6241bf/ ft3

SOLUTION I

Change in water level (due to addition of ice)

I/Vicc - Fbuoyancy
= AVwyw
So

Wice  51bf
Yw o 62.41bf/ ft3
= 0.0801 ft*

AVy =

Rise of water in tank (due to addition of ice)

AV,
Acyl
0.0801 ft3

v

Ah =

Ah =0.306in <== (due to addition of ice)

= When the ice melts, the melted water will occupy the same volume of
water that the ice originally displaced; therefore, there will be no change in water
surface level in the tank after the ice melts.
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|3.88: PROBLEM DEFINITION

Situation:

A partially submerged wood pole is attached to a wall.
6 =30°.

Find:
Density of wood.

Properties:
v = 9810 N/ m?3.

SOLUTION I

/

Mhinge
—Waooa X (0.5L cos30°) + Fg. x (5/6)L cos 30°

1 )
—Ywood X AL x (0.5L cos 30°) + <§AL7H2O> X (6L60S300>

Ywood = (%) /YHQO
Yeood = 5,450 N/m?

Pwood = 996 kg/ms
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|3.89: PROBLEM DEFINITION

Situation:
A submerged gate is described in the problem statement.
d=25cm, W = 200N.
y=10m, L = 1m.

T ! Pivot

-3

Find:
Length of chain so that gate just on verge of opening.

Apply hydrostatic force equations and then sum moments about the hinge.

SOLUTION I

Hydrostatic force

wD?

Fy = pA=10m x 9,810N/m® x

= 98,100N/m? x w% (1m)?

= 77,048 N
I
Yep =Y = gj_A
mrd /4
10m x 7D?/4

2

_ r
Yep — Y = 0" 0.00625 m

Equilibrium
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—»m

ZMHinge = 0

F % (0.00625 m) —1m x F = 0

But F' = Fey — W
= A(10 m — 0)y,,0 — 200
- %(0.25 m)2(10 — £)(9,810N/m?) — 200N
— 48155 N — 481.5( N — 200 N

= (4615.5 — 481.5¢) N
where / = length of chain

77,048 N x 0.00625m — 1m x (4615.5 — 481.5() N =
(481.55 — 4615.5 + 481.5/) Nm =
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|3.90: PROBLEM DEFINITION

Situation:
A hydrometer is floating in oil.
‘%bulb =1 cm3, Astom =0.1 sz.
z="7.2cm, W = 0.015N.

. )
_A=0.1cm~
e

Find:
Specific gravity of oil.
Properties:
Yw = 9810 N/ m?3.
SOLUTIONI
1. Equilibrium
-Fbuoy. = W
VDP)/oil = W
2. Calculations
1 em® + (7.2 em)(0.1 em?®))(0.01%) m®/em®y,; = 0.015 N
Yoil
(1+0.6) x 10 m®y,;, = 0.015N
Y1 = 8781 N/m*

3. Definition of SG

SG _ f}/oil
YH,0

8781 N/ m?
9810N/m?

127



|3.91: PROBLEM DEFINITION

Situation:
A hydrometer in water.
‘%bulb =1 Cmg, Astom =0.1 sz.
z = 4.7 cm.

T =15°C

A=10.1cm?
o

Find:
Weight of hydrometer.

Properties:
Water, Table A.5 at T = 15°C, 7y, = 9800 N/ m?.

SOLUTION I

Equilibrium

Fbuoy. = W
Voyw = W

Calculations

(1 ecm® + (4.7 ¢cm) (0.1 cm?))(0.01m)? /em® ()
(1.47 em®)(107% m®/cm®) (9800 N/m?)

| W =0.0148 N|
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|3.92: PROBLEM DEFINITION

Situation:
A hydrometer is described in the problem statement.

Find:
Weight of each ball.

Properties:
SGlo% - 1012, SG50% - 1065
Vwater = 9810 N/ m3‘

SOLUTION I

Equilibrium (for a ball to just float, the buoyant force equals the weight)

Fp=W

D3
Fp = (T) Yfuid

Combine Eq. (1) and (2) and let D = 0.01 m.

Buoyancy force

D3
W = (WT) x SG x Vwater

_ <7T(OTOD3) « SG x (9810)

= 5.136 x 1072 x SG

(3)

The following table (from Eq. 3) shows the weights of the balls needed for the required

specific gravity intervals.

ball number 1 2 3 4 5 6
SG 1.01 1.02 1.03 1.04 1.05 1.06
weight (mN) 5.19 524 529 534 5.38 544
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|3.93: PROBLEM DEFINITION

Situation:
A hydrometer floats in a liquid.
Liquid levels range from btm to top of stem.
di = 1lcm, dy = 2 cm.
L; =8cm, Ly, = 8cm.

W =40g.

—| |=— 1 cm diameter

2cm
diameter

Find:
Range of specific gravities.

Properties:
Yi,0 = 9810N/ m3.

SOLUTION I

When only the bulb is submerged

FB - W
Yorm,o = W
[(0.02m)* x 0.08m] x 9810N/m® x SG = 0.040kg x 9.81m/s’

NS

SG =1.59
When the full stem is submerged

[(0.02m)* x (0.08m) + (0.01m)* x (0.08m)] 9,810 N/ m*x.SG = 0.040kgx9.81 m/ s>

N

SG =1.27

Thus, the range is

1.27 <SG <£1.59
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|3.94: PROBLEM DEFINITION

Situation:
A barge is floating in water.
[ =40ft, b = 20ft.
W =400, 000 Ibf.

| 20 ft |
Find:
Stability of barge.
Properties:
Ywater = 6241bf/ ft3
SOLUTION
4
Draft — 00000 Ibf :
40 ft x 20t x 62.41bf/ ft
= 8.01ft > 8ft
Will Sink
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|3.95: PROBLEM DEFINITION

Situation:
A floating body is in water.

Find:
Location of water line for stability.
Specific gravity (SG) of material.

SOLUTION I

For neutral stability, the distance to the metacenter is zero. In other words

I
M==2_GC=0
¢ v

where GC' is the distance from the center of gravity to the center of buoyancy.

Moment of inertia at the waterline
w3
o0 12

where L is the length of the body. The volume of liquid displaced is fwL so

w3 w?

GC = ol ~ 120

The value for GC' is the distance from the center of buoyancy to the center of gravity,
or

w
GC=3-3
So
w_ _w
2 2 1
or

Solving for ¢/w gives 0.789 and 0.211. The first root gives a physically unreasonable
solution. Therefore

ﬁ =0.211
w
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The weight of the body is equal to the weight of water displaced.

"WV = ’vaf

Therefore oL ’
SG="20 -2 _ " a1
vy wiLoow

The specific gravity is smaller than this value, thus the body will be unstable (floats
too high).
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|3.96: PROBLEM DEFINITION

Situation:
A block of wood.

d=1m, L =1m.

Find:
Stability.

Properties:

Ywood = 7500 N/ m3.

SOLUTION I

Metacentric height

G
GM

1 x 7500 N/ m?

draft
ra 9,810 N/ m?
0.7645
Cfrom bottom — Tm = 0.3823m

0.500 m; CG = 0.500 — 0.3823 = 0.1177 m

1
— - CG

V
TR*/4
——— — 0.1177
0.7645 x TR?
0.0818 m — 0.1177 m (negative)

Thus, block is |unstable with axis vertical. |
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|3.97: PROBLEM DEFINITION

Situation: A block of wood.
d=1m, L =1m.

Properties:
Yewood = D000 N/ m3.

Find:
Stability.

SOLUTION I

 5000N/m?
9810 N/ m?
= 0.5097 m

draft = 1m

Metacentric height

Iyo
M = 2_
G CG

0.5m)* /4 0.5097
- mx (05m) /4 —(0.5— )m
0.5097m X 7 x (0.5m) 2

= —0.122 m, negative

So | will not float stable with its ends horizontal. |
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|3.98: PROBLEM DEFINITION

Situation:
A floating block is described in the problem statement.
W =2H, L =3H.

L=3
| W= EH—-"/
T
H
¥
B R et A
H
4
Water
Find:
Stability.
SOLUT IONI
Analyze longitudinal axis
Ino
GM = — -CG
V
B 3H(2H )3 H
 12x Hx2H x3H 2
B H
6
Not stable about longitudinal axis.
Analyze transverse axis.
2H 3 H
GM - X (3H) _3d
12x H x 2H x 3H 4
=0

Neutrally stable about transverse axis.
Not stable
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