Problem 2.2

The deepest known spot in the oceans is the Challenger Deep in the Mariana Trench of the
Pacific Ocean and is approximately 11,000 m below the surface. Assume that the salt-water
density is constant at 1025 kg/m3 and determine the pressure at this depth.

Solution 2.2

GIVEN: Density of the fluid is 1025k_g3 , and the depth of the Challenger Deep is 11000 m.
m

FIND: Pressure at the depth of 11000 m.

SOLUTION:

2
p::pgh:(?OZSng(nghn)uloomn) IN-s* || 1Pa
m’ s? lkg-m )l | N

rn2

=1.11x10%Pa

p=111MPa gage




Problem 2.3
A closed tank is partially filled with glycerin. If the air pressure in the tank is 6 Ib/in.? and the

depth of glycerin is 10ft, what is the pressure in Ib/ ft”at the bottom of the tank?

Solution 2.3

Ib b \( 144in?
p=vh+p, =(78.6—j 10ft +(6—j el
0 3 (10f) in2 )\ 1£2

p= 1,6501—1’2
ft




Problem 2.4
A 3-m-diameter vertical cylindrical tank is filled with water to a depth of 11m . The rest of the

tank is filled with air at atmospheric pressure. What is the absolute pressure at the bottom of the
tank?

Solution 2.4

Known:water filled tank, dia.=3m, depth=11m

Determine:absolute pressure at tank bottom
Strategy: insert information into hydrostatic pressure distribution

Solution:

Phottom = Patmos T 7 waterhbottom

=101kPa +(9.80k—1\31j(1 1'm)=208.80 kPa

m

Phottom = 209 kPa




Problem 2.5
Blood pressure is usually given as a ratio of the maximum pressure (systolic pressure) to the

minimum pressure (diastolic pressure). Such pressures are commonly measured with a mercury
manometer. A typical value for this ratio for a human would be 120/70, where the pressures are
in mm Hg. (a) What would these pressures be in pascals? (b) If your car tire was inflated to 120
mm Hg, would it be sufficient for normal driving?

Solution 2.5
p=rh

m3

(a) For 120mmHg: p=(133x1031j(0.120m) — | p=16.0kPa

3

For 70mmHg : p:(133x103£)(0.070m) — | p=9.31kPa

m
s 2
(b) Forl20mmHg: p= 16.0x103£2J[1.450><10_4 lb/ln'zjz2.32psi
m N/m

Typical tire pressure is 30 —35psi, therefore.

120 mm is insufficent inflation for normal driving




Problem 2.6
An unknown immiscible liquid seeps into the bottom of an open oil tank. Some measurements

indicate that the depth of the unknown liquid is 1.5 m and the depth of the oil
(speciﬁc weight = 85 kN/ m’ ) floating on top is5.0 m . A pressure gage connected to the

bottom of the tank reads 65 kPa . What is the specific gravity of the unknown liquid?

Solution 2.6
Protiom = (7oit)(5m)+(7,)(1.5m) where y, 0 unknown liquid y

65><103N—(8.5x103N3)(5 m)

_ Photton — (7o )(5m) m? m B 3 N
Tu = = =15x10"—;
1.5m 1.5m m
15><103£3
SG=—" - m- > | SG=153
Y0 @4°C 981107

m3



Problem 2.7
A 30-ft- high downspout of a house is clogged at the bottom. Find the pressure at the bottom if

the downspout is filled with 60 °F rainwater.

Solution 2.7

P=pgh
Inserting the density f water and the specified column height:

Ibm ft
62.4—— || 32.2— |(30ft
_ ( fi> j( 52 j( )

_ —
(32.2ft lbrznj 144
Ib-s ft

P =13.0 psig




Problem 2.8
How high a column of SAE 30 oil would be required to give the same pressure as 700 mm Hg?

Solution 2.8
p=rh

For pye = pil
7thHg = 7/oi1hoil

or

(0.700m) — |/ =10.4m




Problem 2.9
Bathyscaphes are capable of submerging to great depths in the ocean. What is the pressure at a

depth of 5 km, assuming that seawater has a constant specific weight of 10.1 kN / m>? Express

your answer in pascals and psi.

Solution 2.9
p=rh+p,

At the surface p, =0 so that

p= (10.1x103£3)(5x103m) = 50.5><10612 — | p=50.5MPa
m m

1.450x 10~ ©

6 11'12 .
p=150.5%10 — : — | p=7320 psi
m N
I

m




Problem 2.10

The deepest known spot in the oceans is the Challenger Deep in the Mariana Trench of the
Pacific Ocean and is approximately 11,000 m below the surface. For a surface density

of 1030 kg/m3 , a constant water temperature, and an isothermal bulk modulus of elasticity of
2.3x10° N/m?, find the pressure at this depth.

Solution 2.10

GIVEN: Ocean depth of 11,000 m, surface density of 1030 kg/rn3 , constant water temperature,

and isothermal bulk modulus of elasticity £},  =2.3 x 10° N/m?.

FIND:  Pressure at this depth

SOLUTION:
___dp _ ap
VUavIvy dplp

pd pd _ [p_poj
[“E=15 - ln(ﬁ}u_’ p=pe

2 P P Y £o Ev

where: z is positive upward, z=z, at the surface, and p(z =0) = p,, p(z=0)= p,

Substitution into the hydrostatic pressure equation yields:

P—Py

dp _ E,

="V =—pPg=—pPp8&¢

dz

P

» [p—poj [p—poj [p—poj .

Je E dp=-F, | e E =—E e\ & /1 =—p0gIdz=—p0gz
0

Po

kg m
(1030 rn3J(9.807 Szj (-11000 m)

(2.3><109Nj lkg-m
m? Jl IN-s?

p=1.14x108£2 — | p=114MPa gage
m

2

p=py—E, ln(l+M]=0—[2.3x109£)ln 1+
E m

v




Problem 2.11

A submarine submerges by admitting seawater S= 1.03 into its ballast tanks. The amount of
water admitted is controlled by air pressure, because seawater will cease to flow into the tank
when the internal pressure (at the hull penetration) is equal to the hydrostatic pressure at the
depth of the submarine. Consider a ballast tank, which can be modeled as a vertical half-cylinder
(R =38 ft, L =201t) for which the air pressure control valve has failed shut. The failure occurred
at the beginning of a dive from 60 ft to1000 ft . The tank was initially filled with seawater to a
depth of 2 ft and the air was at a temperature of 40 °F. As the weight of water in the tank is
important in maintaining the boat’s attitude, determine the weight of water in the tank as a
function of depth during the dive. You may assume that tank internal pressure is always in
equilibrium with the ocean’s hydrostatic pressure and that the inlet pipe to the tank is at the
bottom of the tank and penetrates the hull at the “depth” of the submarine.

Solution 2.11

GIVEN: Ballast tank, L =201t, R =8ft, initial condition of d =60ft, h =2ft., T,

air

=40°F,
Final condition d= 1,000 ft.
FIND: Weight of water in ballast tank as a function of depth d during dive.

The water volume in the ballast tank is determined using given
information about the ballast tank,

A =
V.. =L R2gin! {M}—(R—h) 2Rh—h?
2 R

~
e

2
:%ﬁ (8ft)2 sin_l[%‘[_zﬁJ—[(S—ﬂft] 2:8-2-2*1t

=145t
The initial air volume is

2
Vi = %'#wi = %(8 ft)? (20 ft)-145 ft° = 1866 ft°
During the dive the ballast tank air pressure is assumed to be in equilibrium with the ocean
hydrostatic pressure. Then

Pair :Bltm +7/sw(d_h)

Using the ideal gas law,
M, .RT;. M, RT,

air _ air _ p
- — tatm
Vair Vtank - sz

+ Vow (h—d)

Solving for 4,



h=d+ Patm _ M RTair (2)

Vsw 7sw(Vtank V )

air

V., 18 a function of 4 , given by equation (1) for # <R . For h> R, define b=2R—h and

2 2
yo AR Ll [@J(Rb)m 3)
2 R

2

The air mass M ;,

Ibm
M iy = PairiVairi = [O 219_)(1866&3)
ft3
=408.7 Ibm

The initial weight of the water is
Ib 3
Wi = FanPowi =| 624x1.035 (1458%) =93201b.

Pseudocode for procedural language:

hmin =0

Npax = 2R

h _ (hmin +hmax) <
new )

Ptank = Pair T 7swh

pocean = patm + }/SWd

TRUE
Prtank < Pocean = hmin = hnew
Ptank > Pocean = hmax =
(hmax mm
If . < errtol
FALSE
h= (hmm + hmax) <

2



Problem 2.12
Determine the pressure at the bottom of an open 5-m- deep tank in which a chemical process is
taking place that causes the density of the liquid in the tank to vary as

P = Psurf \/1 + Sil’l2 [LE} 5
hbot 2

where / is the distance from the free surface and p ;s =1700 kg/m? .

Solution 2.12

GIVEN:

k . h «
Hbot =5m, Psurf =1700 _g3; P = Psurt 1-|-Sll’12 — |,
m hbot 2

FIND: Pressure at bottom of tank.
SOLUTION:
The pressure gradient is

ap_
P

Separating variables, substituting for o, and integrating give

P h hox
.2
IdP:psurf gj\/l+sm [h—gldh

P, 0 bot

surf

This integral must be solved numerically.

The Romberg method gives for /= hy,

Pbot - Psurf = Psurf & (60801’1’1)

Setting B, =0

m 2 )| kg-m 2

2
got{noo%j@.gmﬂjp > j(é.osom) Sl py, =101x100 N
S m




Problem 2.13
In a certain liquid at rest, measurements of the specific weight at various depths show the
following variation:

h (ft) 7 (Ib/ft%)
0 70
10 76
20 84
30 9]
40 97
50 102
60 107
70 110
80 112
90 114
100 115

The depth /# =0 corresponds to a free surface at atmospheric pressure. Determine, through
numerical integration of @D —7, the corresponding variation in pressure and show the results
yA

on a plot of pressure (in psf) versus depth (in feet).

Solution 2.13

dp _
dz

Let z=hy—h (see figure) so F ] o=
that dz = —dh and therefore
dp =—ydz = ydh =

Thus,

J.o dp _Io yh -
or
hi
pi =], rdh (1)
where p; is the pressure at depth 4; .

Equation (1) can be integrated numerically using the trapezoidal rule, i.e.,



n—l1

1
1 Z_Z(J’i +J’i+l)(xi+l _xi)

23
where yU y, x[J h, and n=number of data points.

The tabulated results are given below, along with the corresponding plot of pressure vs. depth.

h (ft) y (Ib/ft"3) Pressure, psf
0 70 0
10 76 730
20 84 1530
30 91 2405
40 97 3345
50 102 4340
60 107 5385
70 110 6470
80 112 7580
90 114 8710
100 115 9855
12000
10000
?: 8000 /,/
g 6000 7
£ 4000 //
2000 ,/
0
0 20 40 60 80 100

Depth, h (ft)




Problem 2.15

Under normal conditions the temperature of the atmosphere decreases with increasing elevation.
In some situations, however, a temperature inversion may exist so that the air temperature
increases with elevation. A series of temperature probes on a mountain give the elevation—
temperature data shown in the table below. If the barometric pressure at the base of the mountain
is 12.1 psia, determine by means of numerical integration the pressure at the top of the mountain.

Elevation (ft) Temperature (°F)
S000 50.1 (base)
5500 55.2
HO00 603
6400 62.6
T100 670
T400 684
8200 T0.0
HHO0 69.5
Q200 6RO
9900 67.1 (top)

Solution 2.15

Ipzd_len&Z_grzé
P p pl R Z T

In the table below the temperature in °R is given and the integrand _1 tabulated.

T(°R)
Elevation, ft T,°F T,°R 1/T(°R)
5000 50.1 509.8 0.001962
5500 55.2 514.9 0.001942
6000 60.3 520.0 0.001923
6400 62.6 522.3 0.001915
7100 67.0 526.7 0.001899
7400 68.4 528.1 0.001894
8200 70.0 529.7 0.001888
8600 69.5 529.2 0.00189
9200 68.0 527.7 0.001895
9900 67.1 526.8 0.001898

The approximate value of the integral in Ip2 a —nf2 - —gjlzz % is 9.34 obtained using the
b

4 P Rz
trapezoidal rule, i.e.,

n—1

1:52(3;[. +yl.+1)(xl.+1 —xi) where y [J %, x [ elevation ,
i=l

and n =number of data points. Thus,
9900f;

[ t(ljdz —934 L
5000t T °R

so that (with g =32.2ft/s> and R=1716ft-Ib/slug-°R)



(32.2 f;j(9.34f;j
InZ=— S =-0.1753 (1)

P 1716 ft-Ib/slug-°R

It follows from Eq.(1) with p; =12.1psia that

py =(12.1psia)e 173 =102 psia

(Note: Since the temperature variation is not very large, it would be expected that the assumption
of a constant temperature would give good results. If the temperature is assumed to be constant
at the base temperature (50.1°F ), p, =10.1psia, which is only slightly different from the result

given above.)



Problem 2.16
Often young children drink milk ( o =1030 kg / m’ ) through a straw. Determine the maximum

length of a vertical straw that a child can use to empty a milk container, assuming that the child
can develop 75 mmHg of suction, and use this answer to determine if you think this is a

reasonable estimate of the suction that a child can develop.

Solution 2.16

Known: p . =1030 k_g3 , suction =75 mm Hg
m

Determine: maximum length of vertical straw, is this reasonable?
Strategy: compute height of equivalent milk column
Solution:

h,.x = height of milk column lifted by suction
AP iax = 7thHg =75 mm Hg

AP ax = Vmilk Pmilk

kg
13600—=
Ap 7H hl-[ PH 3
hmax,milk = =R :E ; ]hH = —1?1 (75 mm)
Y milk Y milk Prmilk 103038
m’
hmax,mi]k =990.3 mm milk

max. length straw ~ 1 m

Although this may seem large, adults can routinely lift water much higher through a straw.
Therefore, a 1 m draw seems large, but within reason for a child.



Problem 2.17
(a) Determine the change in hydrostatic pressure in a giraffe’s head as it lowers its head from

eating leaves 6 m above the ground to getting a drink of water at ground level as shown in the
figure below. Assume the specific gravity of blood is SG = 1. (b) Compare the pressure change
calculated in part (a) to the normal 120 mm of mercury pressure in a human’s heart.

V(
| |." // ""-, II
1| ,'I ) 7 \
.”} ‘})‘ 'y <:|'. LI
5N
Solution 2.17
(a) For hydrostatic pressure change,
Op=yh= 9.80k—N (6m) =58. 8k—N — |0p=58.8kPa
m? m?

(b) To compare with pressure in human heart convert pressure in part (a) to mm Hg:

kN kN

Iy =(0.442m) (10° %) — 442 mmHg

giraffe /iy, =442 mmHg
human 7y, =120 mmHg

girrafe more than 3.5 times greater




Problem 2.18
What would be the barometric pressure reading, in mm Hg, at an elevation of 4 km in the U.S.
standard atmosphere? Refer to Table C.2 Properties of the U.S. Standard Atmosphere (SI Units).

Solution 2.18
At an elevation of 4 km ,

p=6.166x10" lz(from the table given in the Problem). Since
m

p=yh

6.166x104£2
h=P - m" _g464m - |h=464mm

4 133x103£3
m




Problem 2.19

Denver, Colorado, is called the “mile-high city” because its state capitol stands on land 1 mi
above sea level. Assuming that the Standard Atmosphere exists, what is the pressure and
temperature of the air in Denver? The temperature follows the lapse rate (7' =T, — Bz).

Solution 2.19
GIVEN: Denver altitude = 1mile = 5280 ft and standard atmosphere. 7 =7, — Bz

FIND: Temperature and pressure in Denver.

SOLUTION:
The Lapse rate gives:

T =T, Bz =518.67 °R —| 0.003566 (5280 ft)
0 fi

T =500°R =40°F

Using Equation and Table:

g

B
AL

TO

(32.22)(32.2 Io- J

s ft-Ibm
°R ft-Ib 0.003566°R

(0.003566ﬂj(5280ft) (533 lbm.ORI fi J

= (14.696psia) 1-

518.67°R

p=12.10 psia

Note: In reasonably good agreement with table in appendix of text.



Problem 2.20

Assume that a person skiing high in the mountains at an altitude of 15,000 ft takes in the same
volume of air with each breath as she does while walking at sea level. Determine the ratio of the
mass of oxygen inhaled for each breath at this high altitude compared to that at sea level.

Solution 2.20
Let ( )0 denote sea level and ( )1 5 denote 15,000 ft altitude.

Thus, since m =mass = pV , where V =volume,
my = po Vo

mys = pys Vs, where Vy =Vs

ms _ pshs _ Ais
mg o Vo £o

If it is assumed that the air composition (e.g., % of air that is oxygen) is the same at sea level as
it is at 15,000 ft , use the density values from table of Properties of the U.S. Standard
Atmosphere (BG/EE Units)

P =2377x107 2 and o —1.496x103 T g that
fi fi
L 1496x10° slugs
15 _ lft =0.629 — | mys=62.9% of m,
My 9377x1073 TUES

ft3



Problem 2.21
Pikes Peak near Denver, Colorado, has an elevation of 14,1101t . (a) Determine the pressure at

this elevation, based on the equation below. (b) If the air is assumed to have a constant specific
weight of 0.07647 Ib/ft>, what would the pressure be at this altitude? (c¢) If the air is assumed to
have a constant temperature of 59 °F , what would the pressure be at this elevation? For all three

cases assume standard atmospheric conditions at sea level as provided in the table of Properties
of U.S. Standard Atmosphere at Sea Level).

Solution 2.21
(a)
g
_ | Bz \RA
it
32.174%
Riz — s Sy =525
B 1716 (0.00357)
slug - °R ft
R 5252
N [0.00357fj(14110ft) -
p=(2116.2—J1— t - | p=1240— (abs)
ft2 518.67°R ft2
(b) p:pa—yh:2116.21—1’2—(0.07647%)(1411%) N p210401—t;(abs)
ft ft ft
_g&h
(©) p=pe

2

(3241745)(1411%)
S

ft-Ib

[1716 - J(518.67°R)
p= (21 16.2;%} slug R > |p= 1270f1—2 (abs)
t t




Problem 2.22
g

R
Equation p=p, ( —%J / provides the relationship between pressure and elevation in the

a
atmosphere for those regions in which the temperature varies linearly with elevation. Derive this
equation and verify the value of the pressure given in the table of Properties of the U.S. Standard
Atmosphere (SI Units) for an elevation of Skm.

Solution 2.22

Ipzd_l’__g % dz
1 p Rz T

Let p/ [l p, for zy =0, p, U p for zy=z,and T =T, pz.

Ipd_p__g z dz
P p ROT, - pz

z
p_ gl 1 g g Pz
In—=-=|—-——In(7T, — =——|In(T, - —-In7, |=—=In|1-—
Pa R{ g ﬂz)}o ppl e )T =g ( TJ
g
Pz \RB
P=Pa( _T_a
For z=5km:
m K J
p, =101.33kPa, T, =288.15K, g=9.807—2, £ =0.00650—,R =287 ——,
s m kg-K
9.807 >
S
(O'OO“KJ(S %103 m) (287&]{0.0065%)
p=(101.33kPa)[ 1- m :
288.15K
N
Pcomputed = 5.40% 104 2
m

N

m2

Prabulated = 5.405x 104




Problem 2.23

As shown in the figure below for the U.S.
standard atmosphere, the troposphere

extends to an altitude of 11km where the 40
pressure is 22.6kPa(abs). In the next

layer, called the stratosphere, the € a0
temperature remains constant at —56.5°C.
Determine the pressure and density in this
layer at an altitude of 15km. Assume

g =97Tm/ s?in your calculations.
Compare your results with those given in
Table C.2 Properties of the U.S. Standard

Atmosphere (SI Units). SIS

Solution 2.23
For isothermal conditions,

_g(ZZ_zl)
RT,
Py = pie ’

Let z =11km, p, =22.6kPa, R=287—, g=9.772,
kg'K 52
Ty =—-56.5°C+273.15=216.65K .

(9.77%}(1&103 m-11x10° m)
S

287i)(216.651<)
kg K

p, =(22.6kPa)e ( £

=12.1kPa
Using the ideal gas model:
12.1><1o3£2 .
py =L = m =0.195-2
RT J m’
(287)(216.651()
kg-K

In comparison to published values:

Pcomputed = 12.1kPa, p= 0.195—3
m

k
Prabulatted = 12.11kPa, pP= 0~1948_g3




Problem 2.24
The record low sea-level barometric pressure ever recorded is 25.81in. of mercury. At what

altitude in the standard atmosphere is the pressure equal to this value?

Solution 2.24
For record low pressure,

. 2
pzythHg=(847£j 25‘3‘“'( f J:lz.é%

f )| i |(144in? in.
fi

From Table C.1 Properties of the U.S. Standard Atmosphere (BG/EE Units)

@ Oft altitude p =14.696 2
in
. b
@ 50001t altitude p=12.228—
in.

Assume linear variation change in pressure per foot.

Ib Ib Ib

14.696 — —12.228 — —

Thus, pressure change per foot = 1. .~ —4936x10~ in.”
5000 ft ft

b

7
14.6961—"’2—a(ft) 4.936x1074 10— =12.61—b2
in. ft in.

14.696 -12.6
a=—-+—

torc ot o |a=sof
. X




Problem 2.25
On a given day, a barometer at the base of the Washington Monument reads 29.97 in. of

mercury. What would the barometer reading be when you carry it up to the observation deck 500
ft above the base of the monument?

Solution 2.25

Let ( )b and ( )0 4 correspond to the base and observation deck, respectively.

Thus, with H = height of the monument,

2 1o (500ft)=38.5£

Pb = Pod = VairH =7.65x107" —
b od air ft3 ft2

p= 7th , where YHg = 847% and % = barometer reading.

29.97 Ib
}/Hg (T ftj - j/thOd = 385@

Ib
38.5-
>
hoy = (29'97 ftj 2 - (29.97-0.545)in. — | Ay =29.43n.
12 ga7 10 ft

ft3



Problem 2.26
Aneroid barometers can be used to measure changes in altitude. If a barometer reads 30.1 in. Hg
at one elevation, what has been the change in altitude in meters when the barometer reading is

28.3 in. Hg? Assume a standard atmosphere and that the equation below is applicable over the
range of altitudes of interest.

Solution 2.26

g Rp Rp
R T, T
2P =Dy, _ Pz RS o |2 g:l—& N le—”——aﬂ g
1, ) T, A
Rp
_Ta_Ta[p2Jg
Zz—— _— —=
B Bp,

K
For 7, =288K, f=000650—, P, =101kPa, g=9.81822, R=287

287 I (0.00650Kj
RB _ kg-K m

g 9810
SZ

=0.190

P1=Yugh = (133 x10° %J(BO.Iin.)(lMOx 107 Ej =102kPa

Py = Yighy = (133>< 10° 1)(28.3in.)(2.540x10—2 Ej =95.6kPa

m3 m.

Substitution yields:

288K | (102kPa V" (95.6kpa )"
Z2—Z 1: K 101kP — W —> Z2—Z 125431’1’1
0.00650 — a a

m




Problem 2.27

Bourdon gages (see the figure below) are commonly used to measure pressure. When such a
gage is attached to the closed water tank of figure below the gage reads 5 psi. What is the
absolute air pressure in the tank? Assume standard atmospheric pressure of 14.7 psi.

12 in.
Bourdon gage

_
ValEa N
/1::,1 4 i;\'«,\ Water

5 & |'
W prey - !

A4

——

Solution 2.27
p=yh+py

12
pgage - (E ftijZO = DPair

Ib
Do =(5& b )(1ﬂ)(62,4ftzj

+14.7
2 -2 in.2

n. n. 1441
ft

— | p=19.3 psia




Problem 2.28

On the suction side of a pump, a Bourdon pressure gage reads 40 kPa vacuum. What is the
corresponding absolute pressure if the local atmospheric pressure is 100 kPa (abs)?

Solution 2.28

p(abs) = p(gage) + p(atm) =—-40 kPa+100 kPa — p(abs) =60kPa




Problem 2.29
A Bourdon pressure gage attached to the outside of a tank containing air reads 77.0 psi when the

local atmospheric pressure is 760 mm Hg. What will be the gage reading if the atmospheric
pressure increases to 773 mm Hg?

Solution 2.29
p(abs) = p(gage)+p(atm)

Assuming the absolute pressure of the air in the tank remains constant,
[(gage)+ plaim)], =[ p(gage)+ plam)],

Where i [ initial state and f [] final state. Thus,

py(gage) = p;(gage)+ p; (atm)— p, (atm)

Since,

2
p; (atm) = ythi:(8471—2j(0.760m)(3.281£J oL - |=14.7psia
ft m /| 144in.

773 mm

Pr (atm) - E760mm

)(14.7 psia) =14.9 psia

p(gage)=77.0psi+14.7psi—14.9psia — | p(gage)=76.8psi




Problem 2.31
A U-tube manometer is used to check the pressure of natural gas entering a furnace. One side of

the manometer is connected to the gas inlet line, and the water level in the other side open to
atmospheric pressure rises 3 in. What is the gage pressure of the natural gas in the inlet line in

in. H,O and inlb/in® gage ?

Solution 2.31

Fotm + pHZOgAh = Pgas

2
P =0+ 62400m )35 1741 (iﬂj __fbs”
£ ft3 s2 {12 )| 32.174ft-1bm

| .
Foas = 31.2ft—bzgage =61n. H,O gage




Problem 2.32
A barometric pressure of 29.4 in. Hg corresponds to what value of atmospheric pressure in psia,
and in pascals?

Solution 2.32

2
(psi) p=yh =(847£j(29'4 ftj( it J — | p=14.4psia

3 )\ 12 144in.2

(Pa) p=yh= (133 x10° %)(29.4111.)(2.540 x1072 3] — | p=99.3kPa (abs)
m 1mn.




Problem 2.33

For an atmospheric pressure of 101 kPa (abs) determine the heights of the fluid columns in
barometers containing one of the following liquids: (a) mercury, (b) water, and (C) ethyl alcohol.
Calculate the heights including the effect of vapor pressure and compare the results with those
obtained neglecting vapor pressure. Do these results support the widespread use of mercury for
barometers? Why?

Solution 2.33

(Including vapor pressure)

t —
p(atm) =yh+ p,, where p, [J vapor pressure - /h = W
101><103£2—1.6x10_1£
(@ ’mercury = n M —0.759m
3 N
133x10° —
m
101x10° —1.77x 10
0)  hyy =21x10 7ZX O m=10.1m
9.80x10
101x10° ~5.9x10°
(©)  Machohol = 3 =12.3m
7.74x10
: p(atm)
(Without vapor pressure): p(atm)=yh — h=
v
101x10° ﬂz
@) Piercury = —HIiI =0.759m
133x10° —
m
3
(b)  hygrer = wm =103 m
9.80x10
101x10°
(c) h =—m=13.0m
alchohol 7 74%1 03
Mercury = 0.759 m Pereury = 0.759 m
hyater =10.1m VS. Myater =10.3 m
halChOh()l - 12'3 m W/vapor pressure haIChOhOI - 13.0 m Wo/vapor pressure
Mercury is a better choice because it requires less height to represent a
comparable pressure difference and the effect of vapor pressure is mush smaller.




Problem 2.34
The closed tank of the figure below is filled with water and is 5 ft long. The pressure gage on the

tank reads 7 psi. Determine: (a) the height, 4, in the open water column, (b) the gage pressure
acting on the bottom tank surface AB, and (C) the absolute pressure of the air in the top of the
tank if the local atmospheric pressure is 14.7 psia.

Solution 2.34

p=rh+pg
(@) p1=7u,0Q2 1)+ Py

Also p; = yy oh so that

.2
(62.41—2]}1 - (62.41—2](2&) + (71—]’2] W=l [ a-1s2n
fi fi in2 ) fi

Ib b \[ 144in.? 11t .
® pAB{(62'4ft_3j(4ft)+(7in?)( he H(mm?} o [T

(C) pair =7psi+14.7psia= — | p,i; =21.7psia




Problem 2.35
A mercury manometer is connected to a large reservoir of water as shown in the figure below.

. . h . o .
Determine the ratio, -, of the distances 4,, and #,, indicated in the figure.
m

Mercury
Solution 2.35
plzywhw+7whm AV =]

Bl R l
p1=p3=7m(2hm) _ ._ . ‘ ‘
Yoy + Vol =2l \ .

/ (2)
(yw)hwz(zym_yW)hm s A
so that 03" (3)
h (27, - "
h_w:(%n—“):zsgm_l, where SG,, = ¥,

7
m v Mercury

Thus,
h



Problem 2.36

The U-tube manometer shown in the figure below has two fluids, water and oil (S = 0.80 ). Find
the height difference between the free water surface and the free oil surface with no applied
pressure difference.

Pa Py
Qil —= lOIcm
al
Water —=
Solution 2.36

GIVEN: §; =0.8 (see the figure in the problem)

FIND: Free surface height difference.

SOLUTION:

P+ poghy — pgh,, = Py

h,, = hy [&j = yS,
Yo,

w

=(10cm)(0.8)=8cm

Ah=hy—h,

=10cm—-8cm

Ah=2cm




Problem 2.37
A U-tube manometer is connected to a closed tank containing air and water as shown in the

figure below. At the closed end of the manometer the air pressure is 16 psia. Determine the
reading on the pressure gage for a differential reading of 4 ft on the manometer. Express your
answer in psi (gage). Assume standard atmospheric pressure and neglect the weight of the air
columns in the manometer.

<— Closed valve

~—— Air pressure = 16 psia

Air

2ft

Water l

_{\?_

Gage fluid
(y =90 Ib/ft3) Pressure
gage
Solution 2.37

P11 Vet (4ft) + VH,0 (2ft) = Pgage

.2
Paage =(16 b 147 '1b2)[144m‘ ]+(901—2J(4ft)+(62.41—2j(2ft)
1

n. in. ft2 ft ft
b 12

=627—x Poage =4.67 psi
ft>  144in? sage



Problem 2.38
The container shown in the figure below holds 60 °F water and 60 °F air as shown. Find the
absolute pressures at locations 4, B, and C.

Poim = 14.7 Ib/in 2
Air

Water

Solution 2.38

GIVEN: Figure, water and air at 60 °F
FIND: Absolute pressures at points A, B, C.
SOLUTION:

Ib ft? Ib
., = 62.3-] —0.0361—
v ( 3 )| 1728in> in?

Modelling the air as an ideal gas:

(14'7-1b2j(12ﬂ' j Ib Ib
A - 0.000044225 > 7, =0.0000442 —

Pa="7-=
RT (53.35 fr-Ib j(520°R) in in
Ibm-°R

The hydrostatic equation gives:

1 1 .
Py=P,,+7.hy =14.7%+[0.0361%](8in) — P, =15.0 psia
in in

Py =P, -y hp =150 (0.0000442£j(10m) — | Py =15.0 psia

in? in’

Pr=Py+yhe= 15.0%+(0.0361%)(14in) — P =15.5psia
m m




Problem 2.39
A closed cylindrical tank filled with water has a hemispherical dome and is connected to an

inverted piping system as shown in the figure below. The liquid in the top part of the piping
system has a specific gravity of 0.8, and the remaining parts of the system are filled with water.
If the pressure gage reading at 4 is 60 kPa, determine (a) the pressure in pipe B, and (b) the
pressure head, in millimeters of mercury, at the top of the dome (point C).

Hemispherical dome

Water

Solution 2.39
(@) pa +(SG)(7H20 )(3m) +t7H0 (2m)=pg

pB=60kPa+(o.8)(9.81x103£)(3m)+[9.81x103£3j(2m) — | pp=103kPa

Il’l3 m

N N
(b) pe=pa—7uo(3m)= 60kPa—(9.81><103 —3j(3m) =30.6x10° —

m m
30.6x10312 03
h=Le _ m =0.230m—0.230m( J h =230 mm
VHg 133x103—3 m

m



Problem 2.40
Two pipes are connected by a manometer as shown in the figure below. Determine the pressure

difference p, — pg, between the pipes.

f
0.5m
Water 4—
0.6m
L 1.3 m
Gage fluid
(SG = 2.6) Water
@ o
Solution 2.40

Pa+71,0(05m+0.6m) — 7,0 (0.6m) + yyy o (1.3m=0.5m) = py

Pa — P =7gr (0.6m) =y o(0.5m+0.6m +1.3m—0.5m)

:(2.6)(9.81@3j(o.6m)_(9.81@3j(1.9m) S | pa - pa=-332KPa
m m




Problem 2.41
Find the percentage difference in the readings of the
two identical U-tube manometers shown in the figure

below. Manometer 90 uses 90°C water and hag

manometer 30 uses 30°C water. Both have the same
applied pressure difference. Does this percentage
change with the magnitude of the applied pressure
difference? Can the difference between the two
readings be ignored?

—
——

Manometer 90 Manometer 30

Solution 2.41

GIVEN: Figure, Two identical U-tube manometers. Manometer 90 uses 90°C water while
manometer 30 uses 30°C water. Same pressure difference applied across each manometer.

FIND: Percent difference in readings. Does this percent difference change with the applied
pressure difference? Can the difference in the two manometer readings be ignored?

SOLUTION:

Apply the manometer rule:

P,—P

Py =Py+p,gh — hyy= S—
Poow&

P,-P

hyy =—2—4

P3ow&

Using the 30°C water as a reference

1 1
[hgo—hmjxloo: Poow  Pow. x1oo=(@—1]x100
20 1 Poow
P30w
hoy — 3o x100=[%—1j><100—> foo =g =3.2%
10 965 hy

Note that this percent difference does not change with the applied pressure difference and the
difference in the two manometer readings cannot be ignored in most cases.



Problem 2.42

A U-tube manometer is connected to a closed tank /@
as shown in the figure below. The air pressure in Open

the tank is 0.50 psi and the liquid in the tank is oil A

(y= 54.0%). The pressure at point 4 is 2.00 psi. T

Oil
Determine: (a) the depth of oil, z, and (b) the L
differential reading, %, on the manometer.

Solution 2.42

(@) PA =7oilZ+ Pair

)
(2.1132_0.5.11321(1441? ]
L PA= Pair _\ I in. ft

z=4.00ft
Yoil 54.0£
ft>
(@) pa+7en(2ft)- (SG)(7H20)h =0
.2
b) (2%)(14‘;?' }+(54.0fn;](2ft)
o Pat 7 (2f) _\ in. t ! h=2.08 ft

(56)(71.0) (3.05)(62.4;:’3j



Problem 2.43
For the inclined-tube manometer of the figure below, the pressure in pipe A4 is 0.6 psi. The fluid

in both pipes A4 and B is water, and the gage fluid in the manometer has a specific gravity of 2.6.
What is the pressure in pipe B corresponding to the differential reading shown?

Solution 2.43

3 8 3
+ —ft |- —ft [sin30°— —ft |=
Pa J’Hzo(lz j 7’gf(12 j 7/H20(12 j PB
= 8 ft [sin30°
PB = PA ~ Vgt Et sin

- (0.6%j{144i;—'jj - (2-6)(62-4fl%j(%ﬂ)(0-5)

2
=32.31—2x i ~
/2 144 ft

— | pg =0.224 psi




Problem 2.44

A flowrate measuring device is installed in a horizontal pipe through which water is flowing. A
U-tube manometer is connected to the pipe through pressure taps located 3 in. on either side of

the device. The gage fluid in the manometer has a specific weight of 1221—]33 . Determine the

ft
differential reading of the manometer corresponding to a pressure drop between the taps of
05l
in.
Solution 2.44

Let p, and p, be pressures at pressure taps.

Apply manometer equation between
p; and p, .

Prt+7u0 (h+h)=ygh— ru,0Mm = P2

.2
(0.5_12) 1447
PL— P> n. ft

h= = — | h=1451t
Vef ~7H,0 1221—2—62.41—]33
ft ft




Problem 2.45
The sensitivity Sen of the micromanometer shown in the figure o
below is defined as | |

H
Sen=——. -
pL_pR Pa Dy

f L
Ll
L
=/

Find the sensitivity of the micromanometer in terms of the |
H

densities p, and pg. How can the sensitivity be increased?

Pp

C

Solution 2.45

GIVEN: Figure and sensitivity defined as: Sen = _H .
Pr—Pr

DETERMINE: Sensitivity as a function of fluid densities. How can the sensitivity increase?
SOLUTION:
Apply manometer rule,

Pr +7Ah+(73—7A)H=PL

P — Py =7Ah+(73—7A)H

H 1
P, -P :7/ h+(yg—74)H o | Sen= h
LR A B4 7A(Hj+(73_7/1)

Sen =

The sensitivity can be increased by decreasing the denominator.
—> decrease density difference or

h . : . .
—> decrease 7 by increasing the ratio of reservoir area to tube area.



Problem 2.46
The cylindrical tank with hemispherical ends shown in
the figure below contains a volatile liquid and its vapor.

The liquid density is 800 k_g3 , and its vapor density is
m

I g
negligible. The pressure in the vapor is 120 kPa (abs) T

and the atmospheric pressure is101 kPa (abs).

Determine: (a) the gage pressure reading on the
pressure gage, and (b) the height, h, of the mercury, in
the manometer.

Solution 2.46

(a) Let y, =specific weight of liquid = [800%)(9.81%) = 7850l3
m

s
Puapor (g2g€) = 120kPa(abs) —101kPa (abs) =19kPa

3 N N
Paage = Prapor + 72 (1m)=19x10 F+ 7850E (Im) —

(b)  Pyapor(2age)+ 7, (Im) -y, () =0

19 10312+(7850£3)(1m) —(133><103 %J(h) =0 —
m m m

m

Open

~ Mercury

Pgage

=26.9 kPa

h=0.202m




Problem 2.47

Determine the elevation difference, Ah,
between the water levels in the two open
tanks shown in the figure below.

Solution 2.47

Let subscript 1 indicate the surface of the left tank, and subscrip 2 the surface of the right tank.

Ah=0.4m—(09)(0.4m) — |Ah==0.040m




Problem 2.48

pﬂ m Pa:m
What is the specific gravity of the liquid in the left leg Jrﬁ t
of the U-tube manometer shown in the figure below?
Unknown —
fluid J—
15¢cm
-+ 20 cm
Water
=1 10 cm
Solution 2.48 — —
GIVEN: Figure
FIND: Specific gravity S of unknown fluid
SOLUTION:
th = IOCm
Let {75 =15cm
h20 =20cm
Apply manometer rule,
E\m\ + P& (oo~ o)~ Pughis = ?Szﬂh\
Py hys 15cm




Problem 2.49
For the configuration shown in the figure below Open
what must be the value of the specific weight of the
unknown fluid? Express your answer inl—b3 .

ft
| — Water

55in.

Unknown
_T_ fluid
1.4 in.

Solution 2.49
Let y be specific weight of unknown fluid.

Applying the manometer rule:

Open

P+ V11,0 {%ﬂ} - 7{(3'3%'4)@ ~ho0 {wﬂ} = Dim,

el o )

7=82.11—t;
ft




Problem 2.50 Pa Py=Pp=DPay = 14.7 psia Pa

The manometer shown in the figure 5
below has an air bubble either in (a) the T
right horizontal line or (b) the left vertical | Water L
leg. Find & —h, for both cases p=16.1psia
if py=pp- o .
k| 4— Air bubble
T
_— = Water ra -
Air bubble
Solution 2.50

GIVEN: Figure, manometer with small pockets of air.

FIND: h = h, if (a) air pocket in horizontal line and (b) air pocket in vertical line.

SOLUTION:

(a) Air pocket in horizontal line. Apply the manometer rule between the left liquid surface
(A) and the right liquid surface (B),
Py=Py+yhy—yh

1
hy —hy z;(PA_PB)

(b) Air pocket in (left) vertical line. Apply the manometer rule
PA :PB +7h2 —}/(l’ll —h)

P, =Py =14.7psia h—hy=h

NOTE: For above analyses, the hydrostatic pressure of the air pocket has been neglected.



Problem 2.51
The U-tube manometer shown in the figure below has legs that are 1.00m long. When no
pressure difference is applied across the manometer, each leg has T
0.40 m of mercury. What is the maximum pressure difference that can

be indicated by the manometer?

Solution 2.51 l—0.2m—]

GIVEN: Manometer in the figure in the problem. With no pressure difference applied across
manometer, each mercury leg is 0.40m high.

FIND: Maximum pressure difference that can be indicated by the manometer.

SOLUTION:

The maximum pressure difference that can be indicated is illustrated by P R
the sketch on the right. Applying the manometer rule,
Pl:P2+7/HgH_7wH 1

PI_PZ :(yHg_yw)H:(pHg_pw)gH

Using table in the Appendix, and assuming 20°C fluid

2
R-P =(13550—998)k—%(9.80722j(1.0m) N's
m S kg-m

=123100£2

m

B — P, =123.1kPa




Problem 2.52

Both ends of the U-tube mercury manometer of the figure below
are initially open to the atmosphere and under standard
atmospheric pressure. When the valve at the top of the right leg
is open, the level of mercury below the valve is /. After the

valve is closed, air pressure is applied to the left leg. Determine
the relationship between the differential reading on the

manometer and the applied gage pressure, p, . Show on a plot

how the differential reading varies with Py for h =25, 50,75, Merc\ury

and 100 mm over the range 0 < p, < 300 kPa . Assume that

the temperature of the trapped air remains constant.

Solution 2.52
. . < | Valve
With the valve closed and a pressure, Pg> applied, i T
Py~ Tuglh =Py hl;
Dh:pg_pa (1) - _J_
7Hg

Mercury
Where p,and p, are gage pressures. \

(A TE R AT

For isothermal compression of trapped air

£ _ Constant — piF¥i = peFf
P

where 4~ is air volume, p is absolute pressure, i & f refer to initial and final states., respectively.

patm_ILi = (pa — Patm )_ILf (2)

For air trapped in right leg, #~; = h;(Area of tube) so that Eq.(2) can be written as

h.
Pa = Patm _lAih -1 (3)
)
1 h
Substitute Eq.(3) into Eq.(1) to obtain: Ah=——| py + Py | 1— lAh @)
Hg hi _——
2

+ 2p,h;
Eq.(4) can be expressed in the form: (Ah)2 -\ 2h +M Ah +k =0
7Hg 7/Hg



The roots of this quadratic equation are

2
pg+patm ngh
(L i+ -

27Hg 27Hg 7Hg

+
Ah=| p o Pe T Pam | (5)

To evaluate Ak, the negative sign is used since Ak =0for p, =0.

Tabulated values of Ak for various values of p, are given in the following table for different

values of /4 (with p,, =101kPa and yyy, =133 kN/m?). A plot of the data follows.

P
hi atm p ¢ D. Ahih. = D) Ahfh=0.025) Ahfh=005) Ahth=0 0758} Ahih=0 4}
J - w e L] L] ] L5 ] ] AV W AW W AT we VA
(m) (kPa) (KN/m3) (kPa) {m) {m) {m) {m) {m}
0.025 101 133 o o o o o o
nne 1N 4129 an n nNAAn N T ] A PR
LER ) (it LR+ o u U Y UULIL V.U v.Lvooe
0.075 101 133 80 0 001 0.0354 00517 Q00872
0.1 101 133 90 0 0.0454 0.0668 0.0874
101 133 120 o 00528 00781 01028
101 133 150 0 0.0585 0.0867 0.1143
aAn4a EE-T.1 aan ~ e N P,
101 199 1aU u U.uesd a0das 0.1238
101 133 210 0 0.0888 0.0001 01212
101 133 240 0 0.0698 81037  0.1374
1N4 477 ann n O an ~ a4 Papn——
L fpe U J U SL Ul v.isse
0,18 -
i i ! i
| ' __— h=010 |
.14 T —— ==
| [
0.12 - il
L I
o i 1 h=0075
. I - 1 s i i
— 04 P | .
& Wl | | ! |
E A LT |
< 7~ | o~ | | |
0.08 1 1
: / / :,/'_'/-——i h'= 0.050
| 1 | |
006 - — | |
S | | | |
0.04 ; | | !
| .
0.02 : , ' ;
rZomn e
0 . u
0 50 100 1580 200 250 300 350



Problem 2.53

The inverted U-tube manometer of the figure below
contains oil (SG = 0.9) and water as shown. The N oil
pressure differential between pipes 4 and B, p, — pg, T
is =5 kPa . Determine the differential reading 4 . 0.2m T
.
Water

Solution 2.53
Pa ~71,0(02m) + 745 (1) + 71,0 (0.3m) = py
(75— Pa)+ 71,0(0-2m) = 4y 6(0.3m)

h=
Yoil
5x 1o3£2 —(9.80><103 N3j(0.1m)
m Nm > | h=0449m
8.95x10°

m3



Problem 2.54

An inverted U-tube manometer containing oil (SG = 0.8) is located between two reservoirs as
shown in the figure below. The reservoir on the left, which contains carbon tetrachloride, is
closed and pressurized to 8 psi. The reservoir on the right contains water and is open to the

atmosphere. With the given data, determine the depth of water, %, in the right reservoir.

Carbon tetrachloride

Solution 2.54
Let p, be the air pressure in left reserviour. Manometer equation can be written as

pA +7CC14 (3ft_lft_1ft_07ft)+7011(07ft)_7H20(h_1ft_1ft) :0

_ pA + ]/CCL, (03ft) + ]/Oil (07&)

h + 21t
7H,0
Ib in.2 ( lbj ( lbj
8 — |l144— |+ 99.5— [(0.3ft)+]| 57.0— |(0.7ft
_( in.zj( ftzJ ft3( ) ft3( )+2ﬂ
62.41—2
ft

h=21ft




Problem 2.55

Pr

The sensitivity Sen of the manometer shown in the figure

below can be defined as: Sen = .
P —Pr

Three manometer fluids with the listed specific gravities S

are available:

Kerosene, S =0.82;

SAE 10 oil, §=0.87; and

Normal octane, S =0.71.

Which fluid gives the highest sensitivity? The areas 4, and

A; are much larger than the cross-sectional area of the manometer tube, so H << h.

Solution 2.55

GIVEN: The figure in the problem, three manometer fluids, kerosene (S = 0.82),
SAE 10 oil (8§ =0.87), and normal octane (S =0.71). H << h.

FIND: Manometer fluid that gives highest sensitivity.
SOLUTION:
Apply manometer rule,
Py +}/W(HR +hR)—7f(hR)+}/f(hL)—7/W(HL +hL):PL
Pr+y,(Hp+hg—Hp —hp)+y (b, —hg) =P,
Pr+yw(Hr—Hp+hg—hy)+y(h)=PF
()

Py-P =7/W(H+h)+7/f(h)

H<<h > P -P, z(yw—}/f)h

Sen = h h 1

Pe=F (ru-77)h pug(Su-5y)

Sensitivity maximized for S, closestto S,,=1 — SAE 10 oil.

ad e

! 1 m # N kg

Sen = =

3

(1000 ke j(9.81“21](1—0.87) (9810)(1-087) kg »C payd N7

m S

Sen =0.000784—~ 5 | Sen=0.784 21
Pa Pa




Problem 2.56

In the figure below pipe 4 contains gasoline (

SG = 0.7), pipe B contains oil (SG = 0.9), and the
manometer fluid is mercury. Determine the new
differential reading if the pressure in pipe 4 is
decreased 25 kPa, and the pressure in pipe B remains
constant. The initial differential reading is 0.30 m as
shown.

Gasoline -Mercury

Solution 2.56

For the initial configuration:

Pa +7/gas (O3m)_7/Hg (0‘3m)_70il (O4m) =PB (1)

With a decrease in p, to p', gage fluid levels change )

as shown on figure. T .
Thus, for final configuration: Gasolme_f
p:A+7/gas (0'3_a)_7/Hg (Dh)_70i1(0'4+a):pB (2)

Where all lengths are in m. Subtract Eq.(2) from Eq.(1) to obtain,
pA_p;x+7/gas(a)_yHg(O'?’_Dh)"'?/oil(a):O (3)

0.3-41h

Since 2a+H1h=0.3 (see figure) then, a=

and from Eq.(3),

, 0.3-h
PA — Pa +7gas(Tj_7Hg(0'3_Dh)+7/oi1(
PA — PA + Veas (0.15) - VMg (0.3)+ 7611 (0.15)

Ygas | Yoil
7Hg 2 7

0.3—Dhj=0

Uh=

for py —p's =25kPa
25k—N +(0. 7)(9 81kNj(0.15m) [133kNJ(0.3m)+(0.9)(9 81kNj(O.15m)
m

m
—133kN (©. 7)(9 81— j ©. 9)[9 81kNj

Oh=

Uh=0.100m




Problem 2.57
The mercury manometer of the figure below indicates a differential reading of 0.30 m when the

pressure in pipe A4 is 30-mm Hg vacuum. Determine the pressure in pipe B.

water 0.5

Mercury

Solution 2.57

PB +70i1 (015m+030m)—]/Hg (031’[]) —]/HZO (Olsm) =Ppa

where ps =14 (0.030m)

Thus,

PB = ~71g (0.030m) —y; (0.45m) + yyy, (0.3m) + e (0.15m)
kN

=— 133g3 (0.030m) - 8.95g3 (0.45m)+ 133@3 (0.3m)+ 9.80— (0.15m)
(9 o555 Jossm -3, SJosm-( s 5)

pp=334kPa




Problem 2.58

Consider the cistern manometer
shown in the figure below. The
scale is set up on the basis that the
cistern area A, is infinite.
However, 4, is actually 50 times [¥]

the internal cross-sectional area A

A, of the inclined tube. Find the v
percentage error (based on the e i
scale reading) involved in using

this scale.

Solution 2.58
GIVEN: The figure in the problem with 4,=504,.

Il

FIND: Percent error in using a scale based on A4, as infinite.

SOLUTION:

Apply manometer rule, using the elevation changes shown in 7
the sketch. Ah,

Py — Py = y(Ah. + Ahy)
PH PL

=Ah, + Ahy (1)
Y
Ah,. and Ahy are vertical drop & rise of fluid level from the scale’s zero.
Conservation of mass requires, = Ah. 4 =xA4, or Ah, = xAﬁ )
1
Geometry — Ahy = xsin30° 3)
Py—-P x4 Y|
Egs. (2) and (3) into Eq. (1) P =P X | ginsoo= x| 2241
1% 4 4 2
Py —P
e
4 2
Py - P, 2(Py - P
For an infinite cistern area, 4; = — x, =—A—L = By —F1)
4, 1 3
/4 +5
4 2
Percent error = %Ez(x leO (——1]100 2 ﬁ+l —-1100
X X 4 2
1 1 1
Forﬁ =—>%E = 2(—+—)—1 100 — %E = 4%
4, 50 50 2




Problem 2.59
The cistern shown in the figure below has a diameter D that is 4 times the diameter d of the

inclined tube. Find the drop in the fluid level in the cistern and the pressure difference ( p, — pp)

if the liquid in the inclined tube rises / = 20 in. The angle 8 is 20°. The fluid’s specific gravity
is 0.85.

Solution 2.59

GIVEN: The figure in the problem, D =4d, [ =20in., § =20°, S=0.85.
FIND: P,—P;
SOLUTION:

Conservation of mass requires that cistern level L
drops as the tube level rises, as show in the sketch. P

hy = vertical rise in tube, /.= drop in cistern fluid L

level. hel

Apply manometer rule,

3-3bk
Py =Py—y(hy +h,)

Conservation of mass requires,

hCAC :lAT
2
h. =1 Ar =I(i)
A D
hy =1sin@,

2
P,—Pg=y(hr +hc)=y1[sin¢9+(%j }

2 3

b . . 1 ft .
P,— Py =|62.4—-1{(0.85)(20in.)| sin20°+| — — | Py —P3 =0.248 psia
48 [ ftSJ( 4§ )[ (4} }(17281@} i~y



Problem 2.60

The inclined differential manometer of the figure
below contains carbon tetrachloride. Initially the
pressure differential between pipes 4 and B, which
contain a brine (SG = 1.1), is zero as illustrated in

the figure. It is desired that the manometer give a
differential reading of 12 in. (measured along the

inclined tube) fora pressure differential of 0.1 psi .

Determine the required angle of inclination, & .

Solution 2.60
When p, — pg is increased to py — pgthe left column falls a distance, a, and the right column

rises a distance b along the inclined tube as shown in the figure. For this final configuration:
Pa+ 7o (Bi+a)=7cc), (a+bsind) =y, (b —bsin€) = py

Ph— D+ (7o —7ca, )(a+bsing)=0 (1)

The differential reading, [/, along the tube is

Uh= _a +b
sin@
Thus, from Eq.(1) al | Carbon

tetrachloride
! ! - .—-f’ﬂ
Pa—pPB T (7br ~Jcay, )(Ah sind) =0

—(pr—pB)

-
" (7br —7cc14)(Dh)

For p) —pp =0.1psi

Ib in.2

01— || 144 —

( in.z)( ftzj
=0.466

Ib Ib |12
1.1)] 62.4— |—99.5— || —ft
[( )( ft3j ft3}(12 j

ForUh=12in., | 8=27.8°

sin@ =




Problem 2.61

Determine the new differential reading along the
inclined leg of the mercury manometer of the
figure below, if the pressure in pipe 4 is
decreased 10 kPa and the pressure in pipe B
remains unchanged. The fluid in 4 has a specific
gravity of 0.9 and the fluid in B is water.

80 mm

“Mercury

Solution 2.61
For the initial configuration:

pA + 7/A (0.1) + j/Hg (005 Sin 300) _yHZO (008) = pB (1)

where all length are in m. When p

decreases, left column moves up a
distance, a , and right column moves
down a distance, a, as shown in the
figure.

For the final configuration:

P +74(0.1-asin30°) + yy, (@sin30°+0.05sin30°+a) ~ o (0.08+a) = pp )
Where p), is the new pressure in pipe 4. Subtract Eq.(2) from Eq.(1) to obtain
P —Pp+7a(asin30°)—yy,a(sin30°+1)+yy o (a) =0

—(PA —P;x)

Thus,a = - -
¥a $in30° = 5, (sin30°+1) + 4

For p, — pi =10kPa

ok
a= N M 1 =0.0540m
(0.9)(9.81m3j(O.S)—(BSm3j(0.5+1)+9.81m3

New differential reading, [/, measured along inclined tube is equal to

9 0.05+0=20%00 6 05 mtH0.0540m=0.0212m
sin 30° 0.5 _

Uh =



Problem 2.62

A student needs to measure the air pressure inside a compressed air tank but does not have ready
access to a pressure gage. Using materials already in the lab, she builds a U-tube manometer
using two clear 3-ft-long plastic tubes, flexible hoses, and a tape measure. The only readily
available liquids are water from a tap and a bottle of corn syrup. She selects the corn syrup
because it has a larger density (SG = 1.4 ). What is the maximum air pressure, in psia, that can be

measured?

Solution 2.62

Known: two 3-ft-long clear tubes, unknown length flexible hose, tape measure,
corn syrup (SG =14)

Determine: Maximum compressed air pressure
Strategy: reflect on possible physical considerations, apply hydrostatic pressure equation
Solution:

Form u-tube manometer by connecting bottom of tubes with hose; top of one tube is
connected to the tank.

Assume that tubes are of equal diameter.

Assume that hose is not transparent
-> opaque hose cannot contribute to usable manometer “height”

Set tubes at equal elevation.
Fill tubes to bottom of tube with corn syrup

- maximum difference that can be observed is 3 ft

2
=(1.4)(62.41—b3j(3 )] — | =1.82 psig=16.52 psia
1t 144 in

AP ax =16.5 psi




Problem 2.63

. . A
Determine the ratio of areas, A—l , of the two manometer
2

legs of the figure below if a change in pressure in pipe B
of 0.5 psi gives a corresponding change of 1 in. in the
level of the mercury in the right leg. The pressure in pipe

Area= A,
A does not change.

Solution 2.63 ol
(56 = 0.8)
@
L. . i Area = A5
For the initial configuration (see the figure): Area = A

DA +7/H20(hi+Dhi)_7Hg(Dhi)_70ﬂ(hi):pB (1)

When pp increases the right column falls a distance,

a , and the left column rises a distance, b .
Since the volume of the liquid must remain constant,

Alb:Aza Orizﬁ.
4 b

For the final configuration, with pressure in B equal to pg:

pa+ 7,0 (B 1k =b)—yug (U —a=b)—ys (h +a) = py ()
Subtract Eq.(1) from Eq.(2) to obtain

~7H,0 (b)+ VHg (a+b)~7oi1(a)=ps—prs

(Pl'a _pB)_7Hg (")+7oil (a)
VHg _7H20

b=

P —pg =0.5psi and a=1lin.

)
(o.slsz 1447 —(847“;)(1ftj+(0.8)(62.41b3j(1ftj
in, fi 2 )12 2 )\ 12
b b

847 — —62.4 —
ft3 ft3

b= =0.007111t

L
A_a__ 12 N ﬁ=11_7
A, b 0,00711ft A,




Problem 2.64
Determine the change in the elevation Water

of the mercury in the left leg of the Oil (SG = 0.9)
manometer of the figure below as a
result of an increase in pressure of 5 psi
in pipe 4 while the pressure in pipe B
remains constant.

1.
2
diameter Mercury

Solution 2.64

For the initial configuration:

18 6 . 12
pa+ 7H0(12j 7Hg[ES1n30j 7011(12j DB (1)

Where all lengths are in ft.

When p, increases to pj, the 0il (SG = 0.9)
\

left column falls by the
distance, a, and the right Ave 0=
column moves up the dance, b ,
as shown in the figure.

diameter

For the final configuration:
18 - a+£sin30°+bsin30° — Vi 2—bsin30° = (2)
pA 7/HO 12 7Hg 12 Yoil 12 PB
Subtract Eq.(1) from Eq.(2) to obtain
DPa—DPa+ 7H,0 (a) — Vg (a +bsin30°) +7oil (bsin30°) =0 3)

The volume of liquid must be constant: 4,a= 4,b,

Thus, Eq.(3) can be written as

P —Pa+71,0(@) = rug (a+4asin30°)+y,; (4asin30°) =0

~(Ph—pra) (5 (14 jJ

R ROR O R t}b [847 ](3) (0. 9)(62 4)(2)

a =0.304 ft down




Problem 2.65

The U-shaped tube shown in the figure below initially
contains water only. A second liquid with specific weight,
¥, less than water is placed on top of the water with no
mixing occurring. Can the height, % , of the second liquid
be adjusted so that the left and right levels are at the same
height? Provide proof of your answer.

Solution 2.65

The pressure at point (1) must be equal to the pressure at
point (2) since the pressures at equal elevations in a
continuous mass of fluid must be the same.

p=rh
2] :7H20h

There two pressures can only be equal if y = YH,0 -

Dl = ].5 D2

Water—

(il 4 oL . (D)

L |53

Dy=1shf [ 7] (D,
[ L1

aier——f' 5 i i

b

Since y # yy o , the configuration shown in the figure is not possible. | No




Problem 2.66

An inverted hollow cylinder is pushed into the water as
is shown in the figure below. Determine the distance, 7,
that the water rises in the cylinder as a function of the = —
depth, d , of the lower edge of the cylinder. Plot the H
results for0 < d < H,when His equal to 1 m. d T
Assume the temperature of the air within the cylinder D 3 i

remains constant. e
Open end /

Solution 2.66

For constant temperature compression within the cylinder, p;¥~ =p s+ (1)

where #- is the air volume, and i and f refer to the initial and final states, respectively
Pi = Pamm Pr=7(d=1)+ Py

¥ =%D2H ¥y= %DZ (H-¢)

From Eq.(1): Py [§D2H]=(7(d )+ pam) D (H=1) @

kN
—.,

Pum =101 kPa, y=9.80—, H=1m, — (*—(d+11.31)/+d(1m)=0
m

(d+1131)£/d* +18.61d +128
2

(d+1131)—/d> +18.61d +128
2

For d =0, /=0, - use negative sign: /=

Tabulated data with the corresponding plot are shown below.

Depth, d (m) Waterrise, | (m)

0.080 ——— — o

0.000 0.000 |
0.100 0.007 0070 L
0.200 0.016 - ;
0.300 0.024 {060 1
0.400 0.033 E 0.050 L ______
0.500 0.041 "q'; |
0.600 0.049 £ 0040 | ) ‘

@ |
0.700 0.057 £ 0050 [_ |
0.800 0.065 2 |
0.900 0.073 0.020 ] - |
0.1000 0.080 g

0.000 + -
0.000 0.200 0.400 0.600 0.800 1.000
Depth, d (m)




Problem 2.68
The basic elements of a hydraulic press are shown in the figure below. The plunger has an area

of1in.%, and a force, Fj, can be applied to the plunger through a lever mechanism having a

mechanical advantage of 8 to 1. If the large piston has an area of150 in.?, what load, F,, can be

raised by a force of 30 Ib applied to the lever? Neglect the hydrostatic pressure variation.

Plunger

Hydraulic fluid %‘#FL

Solution 2.68
A force of 30 Ib applied to the level results in a plunger force, Fy, of F =(8)(30)=2401b.

Since F| = pA4, and F, = pA, where p is the pressure and 4, and A4, are the areas of the plunger

and piston, respectively. Since p is constant throughout the chamber,

H_F

4 4

A
sothat Fy =2 F =
4

lin.2

.2
[150111. J(2401b) > | F,=36,0001b



Problem 2.69
The hydraulic cylinder shown in the figure below, with a 4-in.- diameter piston, is advertised as

being capable of providing a force of ' =20 tons. If the piston has a design pressure (the
maximum pressure at which the cylinder should safely operate) of 2500 Ib/ in?, gage, can the

cylinder safely provide the advertised force?

= 2500 Ib/in.?

Prax =

Patm gage

U

I~ §

Solution 2.69

Assuming a “ton” is a “short ton”, the advertised force is

20001b

ton

F4, =20 tons( J =400001b

The maximum force that can be safely developed by the piston is

Faafe = Fyaged = Fpage (%cﬂ} = (2500%}(%(4 in)zJ =314001b

No. The cylinder cannot safely provide 20 tons of force.




Problem 2.70

A Bourdon gage is often used to measure
pressure. One way to calibrate this type of
gage is to use the arrangement shown in
the figure below (a). The container is
filled with a liquid and a weight, W,
placed on one side with the gage on the
other side. The weight acting on the liquid

(b)

Bourdon gage

W
\/ @ | Iﬁ 0.4-in.-diameter
|
/

Liquid

(a)

through a 0.4-in.-diameter opening creates a pressure that is transmitted to the gage. This

arrangement, with a series of weights, can be used to determine what a change in the dial
movement, &, in the figure below (b), corresponds to in terms of a change in pressure. For a

particular gage, some data are given below. Based on a plot of these data, determine the

relationship between 6 and the pressure, p , where p is measured inpsi.

W (Ib) | 0 | 1.04 | 2.00 ‘ 3.23 ‘ 4.05 | 5.24 ‘ 6.31

Oegy | 0 | 20 | 40 | 60 | 80 | 100 | 120

Solution 2.70

p= ) ocmmy) )

Area %(0.4111.)2

(where p isin psi)

Theta, deg. W, Ib

0 0.00

From graph 20 1.04
40 200 _
W =0.05220 60 3.23 '

80 4,05

100 5.24

So that from Eq.(1) 120 6.31

p(ps) _ o 05209

Weight, Ib

8.00
6.00
4.00
2.00
0.00

W=0.085228

50 100 150
Theta, degrees

p(psi)=0.4160




Problem 2.71
A bottle jack allows an average person to lift one corner of a 4000-Ib automobile completely off

the ground by exerting less than 20 1b of force. Explain how a 20-lb force can be converted into
hundreds or thousands of pounds of force, and why this does not violate our general perception
that you can’t get something for nothing (a somewhat loose paraphrase of the first law of
thermodynamics). Hint: Consider the work done by each force.

Solution 2.71

Known: 20 Ibapplied force lifts corner of 4,000 Ib automobile

Determine: Explain

Strategy: Force = (pressure)(area); consider work done by pistons of different size

Solution:
Consider two piston/cylinders
of different diameter connected A, Al +—»
by a rigid tube filled with a Fi P F;
liquid.

F__F y d, Y

b=p=—t oBR=F|“2|=FK 2
4 4 4 d

4 =4 > F, =16F
1
dy
—==10—>F, =100F
1
Therefore producing the required force multiplication is not difficult.

Assuming all solid boundaries are rigid, the volume pushed out of the small cylinder must
equal that entering the large cylinder.

A
A'ILI = AxlAl = AX'2A2 —> sz = Axl (—lj

Therefore, the larger piston moves a smaller distance than the smaller piston.

Comparing the work done on the smaller piston to the work done by the larger piston:

W, = Fyh, =| F| 22 ||| x| 2L || = Rax =W,
4 4,

Therefore, the work done on the small piston is equal to work done by large piston.




Problem 2.72
Suction is often used in manufacturing processes to lift objects to be moved to a new location. A

1. . : .
4-ft by 8-ft sheet of E-ln. plywood weighs approximately 36 Ib . If the machine’s end effector

has a diameter of 5 in., determine the suction pressure required to lift the sheet, expressed in

inches of H,O suction.

Solution 2.72
Known: W =361b; Dcyp =5 in.
Determine: Suction required to lift sheet in inches H20
Strategy: Force = (pressure)(area);

Solution:

W =F = pA= prR*

w 361b Ib
pP= 22 - 221.83372]/}{20[’1
7R®  7(2.5in) in
1.833 Lbz
h= " _50.77in H,0
b 11t
62.4—3><73
ft° 1728 1in

h=>51in H,0




Problem 2.73

A piston having a cross-sectional area of 0.07 m?is

located in a cylinder containing water as shown in the P

. Piston
figure below. An open U-tube manometer is connected l / T
to the cylinder as shown. For #; = 60 mmand — h
h =100 mm , what is the value of the applied force, P, Water ’11 L
acting on the piston? The weight of the piston is o
negligible. ‘

Mercury

Solution 2.73
For equilibrium, P = p,A4p, where p,is the pressure acting on piston and Apis the area of the

piston. Also,
Pp+Yuoh—rugh=0

kN kN kN
Pp = Vugh=rmoh = (133Ej(0.100m)—(9.80Ej(0.060m) =127

2

p= (12.7x 10° ij(ommz) > | p=889N
m




Problem 2.74

A 6-in.-diameter piston is located within a cylinder that is connected to a %-in. -diameter
inclined-tube manometer as shown in the

figure below. The fluid in the cylinder and W
the manometer is oil (specific weight = [ M
591b/ft>). When a weight, W, is placed on { R }

the top of the cylinder, the fluid level in the
manometer tube rises from point (1) to (2).
How heavy is the weight? Assume that the
change in position of the piston is
negligible.

oil

Solution 2.74
With piston alone let pressure on face of
piston= p, . Manometer equation becomes

Dp —Voithy sin30°=0 (D)

With weight added pressure p, increases to p, where

' 4 1
Py=0, +Z (Ap U area of piston)

! 6 1 o
Py —yoﬂ(hl +Eft)sm30 =0 2)
Subtract Eq.(1) from Eq.(2) to obtain
=Dy — Vo (iftjsinwo—o
Pp = Pp ~7oil 12

Z = ]/Oil (i ftjsln 30°
Ay 12

L=(591—b3}(£ftj(0.5) S | w =290
ft 12




Problem 2.75
The container shown in the figure below has square cross sections. Find
the vertical force on the horizontal surface, ABCD.

Solution 2.75

The vertical force on surface ABCD is equal to the weight of the
imaginary fluid above ABCD as show on the picture on the right, so

= }/W7Z'(R2 —rz)h

:(62.4“;—2“Jn(22—12)ft2(2.5ft) — | F=14701b
t

&

N
2 |
23
B C
A D
Water 4t
E F
4 |
\
R



Problem 2.76
Find the weight 7 needed to hold the wall

shown in the figure below upright. The wall is ©O) ‘
10 m wide. 3'm
[W
,,,,, AV =
”””””””” R RE
Water Am
/Plnned
Solution 2.76
The hydrostatic force F on the wall is found from Fo
—
F = pgh.A
- (IOOOk—%j(QSl%j(Zm)(4x10m2)
m s =2
k kN - 7
=785kN A

A

The force F' is located one-third of the water
depth from the bottom of the water.

h :%(4111) =1.33m

Summing moments about the pinned joint,

(1.33m)

(7m)

Assuming no friction between the rope and the pulley,

Fy (785kN) =149kN

W=F, — |W=149kN

DISCUSSION

Note that the atmospheric pressure acts on both sides of the wall.

GGG

Therefore, the forces due to atmospheric pressure are equal and opposite, and cancel.



Problem 2.77

Determine the magnitude and direction of the force that must be
applied to the bottom of the gate shown in the figure below to keep
the gate closed.

Solution 2.77

The hydrostatic force on the gate is
F=yy cA

kg m
= (IOOOE)(9.8IS—ZJ(I.3m+ 0.4m)(2mx O.Sm)

=26700N

The location of the force F is

I
— + XC
Yr= e 0y 4
Using Appendix,
IS
Yr ey, 4 1y,
(0.8m)*
=(1.3+0.4)m+ =1.73m

12(1.3+0.4)m
Summing moments about the hinge,

> Miyinge = Feh = F(y, —H)=0

2.1m

gate

2-m-wide A

-

Hinge
e

0.8m

F(y,—H) (26700N)(1.73-1.3)m
=== " 0.8
.0m

Fp =14,400 N




Problem 2.78

An automobile has just dropped into a river. The car
door is approximately a rectangle, measures 36 in.
wide and 40 in. high, and hinges on a vertical side.
The water level inside the car is up to the midheight
of the door, and the air inside the car is at
atmospheric pressure. Calculate the force required to
open the door if the force is applied 24 in. from the
hinge line. See the figure below. (The driver did not
have the presence of mind to open the window to
escape.)

Solution 2.78

Note that the force due to atmospheric pressure acts in equal and opposite directions on two sides
of the door. The hydrostatic force on the inside of the door is

3 . .
F=yhA= (62.4£]( i }(min)(WJ =2601b

ft® )| 1728in’
The hydrostatic force on the outside of the door is P
-]
FO = 7/hcA l ﬁa‘nge
Ib ft> 12in .. o ) P——
= 62.4—3 3 41t x +201in (36><40)1n '-—/3 ———
ft> /| 1728in ft 5‘
=35401b z#
F;'I!z
Summing moments about the hinge line 7op view o L Sor

D My =(24in.)F,, +(18in.) F; —(18in.) F,

req

Froq = (F, _Fl)[gj =(3540 - 260)1b(%) = | Freq =2,4601b




Problem 2.79

Consider the gate shown in the figure below. The gate is massless and has a width b
(perpendicular to the paper). The hydrostatic pressure on the vertical side creates a
counterclockwise moment about the hinge, and the hydrostatic pressure on the horizontal side (or
bottom) creates a clockwise moment about the hinge. Show that the net clockwise moment is

72
= p ohb| —-2_ 1.
dDu=p,g (2 6]

Solution 2.79

The vertical force on the horizontal side is
F, = p,ghd=p,gh(IxDb)
Constant force —resultant acts at midpoint

The horizontal force on the vertical side is
h
FH = pwghcA = pwg(aj(hxb)

The resultant acts at

1.3
L _ho™ h h_2m
Y=Yt T T2 3
Ye E(bh)

Summing moments about the hinge

- 1\ p,gh’b(h
+> M =Fx, - Fy(h-y,)= pwghlb(zj—WT(gj

= o
—> +ZM=pwghb ?—?




Problem 2.80
Consider the gate shown in the figure below. The gate is massless and has a width b

(perpendicular to the paper). The hydrostatic pressure on the vertical side creates a
counterclockwise moment about the hinge, and the hydrostatic pressure on the horizontal side (or
bottom) creates a clockwise moment about the hinge. Will the gate ever open?

Solution 2.80

Sum moments about hinge

+> M =F,L, - FyLy

i h h
= p ohbl| — |- Zlenl 2
pug @ pwg[zj [3j
1> W
= p ohb| — -

nwoP e
—>—, or h>+3!
6 2

If sum of moments is negative, gate will open

2 2

-T—ZM<0 - %>5 - ifh>\/§l,gatewillopen




Problem 2.81
A tank contains 6 in. of 0il (§ = 0.82) above 6 in. of water (S = 1.00). Find the force on the
bottom of the tank. See the figure below.

~—A=1ft?—
0il
(§=0.82)

Water
(§=1.0

Solution 2.81

Assume atmospheric pressure acts on outside of tank.
Pressure is constant at constant elevation in a stagnant fluid.

Apply hydrostatic pressure equation

Fxer = Beorrom4
= (7oilhoil + 7whw)A
= 7W(S0ilh0il + Swhw)A

~ Ib 1 1 ) B
_(62.4ﬂ—310.82(5ftj+1[Eftﬂ(lft) > | Fuypr =56.71b




Problem 2.82
A structure is attached to the ocean floor
. \vi Free surface
as shown in the ﬁgure below. A 2-m- :—:::—:1:—:—:—_:—:_—_——:—:—_:—:—:—:—:—:—:—:—:—:—:—:—:—:—:—:—:_—:—:—:—:—:—:—:—_:—:_—:—:—:—.‘—:—‘—:::—:—.‘—‘_7:———:—‘_—_:_-

diameter hatch is located in an inclined

Seawater

wall and hinged on one edge. Determine 10m
the minimum air pressure, p;, within the l

container that will open the hatch.
Neglect the weight of the hatch and
friction in the hinge.

Hinge

Air pressure, p,

Solution 2.82
Fg =yh.A where h, =10m+%(2m)sin30° =10.5m

Thus, F;_ ‘_'7’*.:

Fy =(10.1><103 %)(10.5m)(%j(2m)2 ~3.33x10°N PA

To locate Fy,

1 10
Y =—+y,. where y, =— m
v.A sin

+Im=2Im

OO

T 4
YR = +21m=21.012m

(21m)(z)(1m)*

For equilibrium,
D> My =0

F(21.012m—20m) = p; ()(1m)’ (1m)

(3.33x10°N)(1.012m)
#(1m)* (1m)




Problem 2.83

Concrete is poured into the forms as
shown in the figure below to produce a
set of steps. Determine the weight of
the sandbag needed to keep the
bottomless forms from lifting off the
ground. The weight of the forms is

85 Ib, and the specific weight of the

concrete is150 Ib/ ft° .

Solution 2.83
From the free-body-diagram

(D F, =0

W+ W +Wp=ppd=0 (1)
W, = weight of sandbag
W, = weight of concrete

W, = weight of forms

Open top—l

F——3rt-_.|

8 in. risers
Sand

IOpen bottom
10 in. tread

p;, = pressure along bottom surface due to concrete

A = area of bottom surface
From the data given:

W, = (150;—2)(V01. concrete)
t

10in.)(16in.) + (10in.)(8in.) |

=15001b

_ (150£)(3ft)[(lom')(24in')+(

ft3
Wf=851b
Ib \( 24 b
=[150— || — 1t |[=300—
P4 ( ft3j(12 ) it

A= (%ftj@ ft)=7.5ft*

Thus, from Eq.(1)

W, = (3001—1’2J(7.5ft2)—15001b ~85b —

ft

2

1445

ft2

W, =665 Ib




Problem 2.84

A long, vertical wall separates seawater from fresh water. If the seawater stands at a depth of 7
m, what depth of freshwater is required to give a zero resultant force on the wall? When the
resultant force is zero, will the moment due to the fluid forces be zero? Explain.

Solution 2.84
For a zero resultant force - — -
e
Frs =Py #= ’_J frash
i wate r
5 Cavuier f %)
7shcsAs = yfhcfAf !‘J‘;J T "?d...-_
s
' o | Fes
Thus, for a unit length of wall £

i PR rrPriearery

(lo'lk%)(%)(7mxlm)=[9.80k—1jj(gmj(hxlm) S

m m

h=711m

In order for moment to be zero, Fyp and Fp, must collinear.

1
iy, = 12
Ve (2mj(7mxlm)

For Fgp,: yp =

L (im)(7.11m)’

1
Similarly for Fp,: yg =Lf4+yc = 71121
Ye ('Zm)(Tllmxlm)

+7'11m=4.74m

Thus, the distance to Fp, from the bottom (point 0) is 7m—4.67m=2.33m.

For Fg, this distance is 7.11m—4.74m =2.37m.

The forces are not collinear.

— No; for zero resultant force, the sum of the moments will not be zero.




Problem 2.85

Forms used to make a concrete basement wall are shown in the figure
below. Each 4-ft -long form is held together by four ties—two at the
top and two at the bottom as indicated. Determine the tension in the
upper and lower ties. Assume concrete acts as a fluid with a weight

of 150 b/ ft> .

Solution 2.85

(1) ZFx:O,orFl+F2:FR h

Tie

Concrete

Form —=|

101t

and ‘ tc
() My=0,0r {,F] +{,F, =L pFg, where Fp=p A=yh.A Tﬁ?—’ £=94
Thus, ﬁR
F2
b z — {r
Fy =150ﬂ—3(5ft)(10ft)(4ft)=300001b I_X Opf,f; ]
Also, width = 4 ff
; 112(4ft)(10ft)3
(r=10ft—yp =10ft— y, —(yp -y, ) =10ft —h, -~ =10ft - 5f-12 "
R VR Ye=(vr=ye) ©T A SH(10ft)(4 1)

=5ft-1.67ft=333ft
Thus, from Eq.(2):
(9ft) A + (1t) F, =(3.33ft)(300001b) = 99,9001t - Ib
3) 9K +F, =99900
From Eq.(1), F; + F, =30,0001b, or F, =30000— F;

9F +30000 - £, =99,900

F =8,740 b

F, =300001b -87401b

F =21,260Ib




Problem 2.86

While building a high, tapered concrete wall,
builders used the wooden forms shown in the
figure below. If concrete has a specific gravity
of about 2.5, find the total force on each of the
three side sections (4, B, and C) of the wooden
forms (neglect any restraining force of the two
ends of the forms).

Freshly poured
concrete

Wooden
forms

Solution 2.86

The horizontal force F,

F,=yy.A Ky
A c N r_ _-l .
=2.5(62.4—3J(6ft)(12><8)ft2 — | F,=899001b 1,
ft é
2 L
The force Fjis horizontal —
Fp= yycA L___
=2.5(62.4%}(3ft)(6x8)f‘[2 — | Fp =225001b l”
t

The horizontal force Fy

Fey =yy A= 2.5(62.4%)(9ft)(6><8)ft2 =674001b
t

The vertical force Fy is the weight of concrete “above” the slanted side (the dashed volume)

Foy =yV = 2.5(62.4%)[(%&8)&3 +%(3x6x8)ft3} =337001b

The total force F is

Fo =[Fer® + Fey® =(67400)° +(33700) b — | F- = 754001




Problem 2.87

A homogeneous, 4-ft-wide, 8-ft -long
rectangular gate weighing 800 1Ib is held in
place by a horizontal flexible cable as shown
in the figure below. Water acts against the
gate, which is hinged at point 4. Friction in

the hinge is negligible. Determine the tension

in the cable.
Water

Solution 2.87

Fp =yh.4A where h, = (%ﬁjsin 60°
Thus,

Fp = (62.4%}(%)(sin 60°)(6ftx4ft)=38901b
t

To locate Fy,

VR =%+yc where y,. =3ft

Ve
so that
() (o)
=12 L3f-40f
YR=3R)(6ftxatt)

For equilibrium,
D> My =0
and

T (81t)(sin60°) =W (4ft)(cos60°)+ Fp (2ft)

_ (8001b)(41t)(cos60°) +(38901b)(2ft)
- (81t)(sin60°)

T =13501b




Problem 2.88
A gate having the shape shown in the figure below
is located in the vertical side of an open tank

containing water. The gate is mounted on a
horizontal shaft. (&) When the water level is at the
top of the gate, determine the magnitude of the
fluid force on the rectangular portion of the gate
above the shaft and the magnitude of the fluid force
on the semicircular portion of the gate below the
shaft. (b) For this same fluid depth determine the
moment of the force acting on the semicircular

/bhaft_ﬂ_.

portion of the gate with respect to an axis that
coincides with the shaft.

Solution 2.88

(a) For rectangular portion,

(] =t

(Fy )r =yh.A where h, =3m

(o] =t

(Fp), = (9800%)(3m)(6mx6m)

18] (=
ral=

(Fr), =1060 kN

For semi-circular portion,

(Fr )SC =yh.A where
4(3m

RY/4

~—

=7.27m

h, =6m+ﬂ=6m+
R4 4R

ax

(FR)SC=[980013j(7.z7m)(%(3m)2) |

m

(Fr),, =1010kN

Xc _

. I 0.1098 R*
(b) For semi-circular portion yz =——+y, =

Yed (7.27m)(§jR2

Thus, moment with respect to shaft, M :

+7.27m=7.36 m

iy

18

Side view

of gate

A =ba
-

I, = lzba
=L

L. = lzab

I =0
g TR®

A=13

I, =0.1098R*

I,. = 0.3927R*

l.=0

Tp

M =(Fg),, x(7:36m~6.00m) = (1010x10°N)(1.36m) —

sc

M =137x10°N-m




Problem 2.89

A pump supplies water under pressure to a large
tank as shown in the figure below. The circular-
plate valve fitted in the short discharge pipe on the
tank pivots about its diameter 4—4 and is held shut
against the water pressure by a latch at B. Show that LI
the force on the latch is independent of the supply
pressure, p , and the height of the tank, /4 .

Supply

Pressure p
N Kﬁ‘i—

Solution 2.89

The pressure on the gate is the same as it would S — =
be for an open tank with a depth of

jo- 22
}/ H

as shown in the figure. _
> M, =0,0r T

(1) (yg—¥e)Fr=RFg

where

Fr=p.A=yh, (7Z'R2) =(p+7/h)(7rR2)

)2=hc
and
R* £ 4 F
T —
I, 4 R ¥ :
@) yp=ye=—" = 5 = —=F
Ve (p” jﬁRz 4(p+hJ
Y e

Thus, from Egs.(1) and (2)

yR_yc)FR —

k 4(p+h
4

-t

j(p+;/h)(7rR2)

Fp= ;/%R3 , which is independent of both p and/ .




Problem 2.91

Find the center of pressure of an elliptical area of minor axis 2a and major axis 2b where axis
2a 1is vertical and axis 25 is horizontal. The center of the ellipse is a vertical distance # below
the surface of the water (4 > a ). The fluid density is constant. Will the center of pressure of the
ellipse change if the fluid is replaced by another constant-density fluid? Will the center of
pressure of the ellipse change if the vertical axis is tilted back an angle & from the vertical about
its horizontal axis? Explain.

Solution 2.91

For a hydrostatic pressure distribution, using
geometric information from the Appendix,

b
[ﬂbcﬁj
— I.X'C — 4 _az
yp_yc_ycA_h(ﬁab)_E F\
2 2

a a
=y. +—=h+— 26
Tp= e 4h 4h W

Recognizing symmetry about minor axis,

h

xp=0

Above expressions for x,and y, contain only geometric properties (and not fluid properties)

p

Location of center of pressure not dependent on density.

Consider the side view of the ellipse. I e e e X
The equation Yozh =
I . n e =
Yp = Ve = * or¥e | __— f:pt-g,_;;:rer - =¥
A T

Requires that the y-coordinate lie in the plane of the surface.

I.1s smaller for the smaller horizontally projected area of the tilted ellipse.

Therefore, for the tilted ellipse,

(¥, —y.) is smaller for the tilted ellipse, the center of pressure is higher.




Problem 2.92
The dam shown in the figure below is 200 ft long

and is made of concrete with a specific gravity of
2.2. Find the magnitude and y coordinate of the

line of action of the net horizontal force.

Solution 2.92

The headwater horizontal force and its line of action are
Fuy =ry.A= [62.4%)(30ft)(60x 200)ft> =2.25x10 b
t

The tailwater horizontal force and its line of action are

Fry =yy A= [62.4%)(10ft)(20ftx200 ft)=2.50x10°Ib
t

Fyo = Fypy — Fryy =2.25x10" 1b-2.50x10°Ib

n

F,., =2.00x10"1b acting to right.

net

The line if action is located by taking moments about the base of the dam.

(2.25%1071b)(20ft) ~(2.50x10°Ib ) (6.7 ft)

y =
" (2.00x1071b) o
| Vet = 21.7ft above base| b0’ Yiup
=20’




Problem 2.93

The dam shown in the figure below is 200 ft
long and is made of concrete with a specific
gravity of 2.2. Find the magnitude and x e
coordinate of the line of action of the vertical

force on the dam resulting from the water. l’

"| Tailwater 20°

Solution 2.93

The only vertical force due to the water is on the headwater side of the dam. This vertical force
equals the weight of the water above the surface and the force acts through the centroid of the
water volume. Therefore

Fgp = 7# = (62.4%)[%)(40ft)(60ft)(200ft)

Fiy =1.50x107 Ib

The x -location of this force is the centroid of the 40ftx60ft triangle which gives

X, :%(401&) or | x, =26.7 ft




Problem 2.94

The figure below is a representation of the Keswick
gravity dam in California. Find the magnitudes and
locations of the hydrostatic forces acting on the
headwater vertical wall of the dam and on the tailwater
inclined wall of the dam. Note that the slope given is the
ratio of the run to the rise. Consider a unit length of the
dam (b =11t).

Solution 2.94

Consider a unit length of the dam. The headwater force is

Ib 2
62.4— |(11t)(100ft
HH c 7 H 7 7
Fpr =312,000 b ]
The location y, is v
2
2 2 hu
=Zh, =2(100ft ,
Fir >
¥, =66.7 fi 7 A
[ T_”Iffl"l",ff"””i’
The tailwater force is
hT
Fr=yy A=y > A
where
2 2
4 =(30ﬂ)(1ﬂ)%=36.6ﬁ2
SO
(62.4”:;)(30&)(36.6&2)
Fp=- 1t . or Fp=34,3001b

The location y/, is

r—— =

.2 N1L0*+0.7% 2 1.0 +0.7° ,
= = ~— Y =244 ft
3 1.0 3 P

Yp (3085




Problem 2.95
The Keswick dam shown in the figure below
is made of concrete and has a specific weight

of 150 Ib/ft>. The hydrostatic forces and the
weight of the dam produce a total vertical
force of the dam on the foundation. Find the
magnitude and location of this total vertical
force. Consider a unit length of the dam

(b=1ft).

21 5
Headwater ]-J—J-{ El. 595.00

Solution 2.95

The hydrostatic vertical force is due to the tailwater. Its
magnitude for a dam unit length is

1
Fry = y¥ = y(z)(b)hT(OﬂhT) = 0.35ybh;*

Ib 2
=0.35| 62.4— |(1ft)(30ft
(2425 Jamaon)

w; =2/ 5 fL

The dam weight consists of ¥ + W, . Now Wz 'c":(""‘{:"" -471oR
- S2./FE.

W, = yc¥ = (1501—2](1ft)(21.5 ft)(595.0 ~491.0) ft = 3354001b

ft

1b 1 52.1
W, =y ¥ =|150— |(11t)| — [(52.1ft)| —1t [=2908001b.
I ( ft3)( )(2]( )(0.7 j

The total force F 1is

F = Fyy + W, + W, = (19700 + 335400 + 290800 Ib

F =645,9001b




Problem 2.96
The Keswick dam shown in the figure below is kil e R
made of concrete and has a specific weight of S
150 Ib/ft> . The coefficient of friction x between

the base of the dam and the foundation 1s 0.65. Is
the dam likely to slide downstream? Consider a
unit length of the dam (5 =1 ft).

Solution 2.96

The total vertical force acting downward is
Using the result of Problem 2.51,

F =6459001b.

The horizontal force resisting movement of the dam is e

L

MUF = 0.65(6459001b) =4198001b

Wz
. . ;
The net force causing the dam to move downstream is

(Fygr — Fryr ) - Using the result of Problem 2.50,

1.0 1.0
Fpy = Fy L—J =(343001b) ——————=281001b
V1.0 +0.7> V1.0% +0.7?

Then

Fypy — Fry =(312000-28100)1b = 2839001b .

Since

the dam will not
Fpp = Fry <uF,

slide downstream.




Problem 2.97

The figure below is a representation of the Altus gravity
dam in Oklahoma. Find the magnitudes and locations of
the horizontal and vertical hydrostatic force components
acting on the headwater wall of the dam and on the
tailwater wall of the dam. Note that the slope given is
the ratio of the run to the rise. Consider a unit length of

the dam (b =1ft).

Solution 2.97

First consider the headwater hydrostatic force
components.

h
Fyy =ry.A= V[THJ(bhH)

_ ybhj
2

(62.4“’)(111)(87 ft)’

ft3
2

Fyy = 236,200 1b

2. 2
Yp =3t =§(87ft)

yp =581t
Fyy =y¥ +7%
. Ib

i :(62.4f—3j(1ft)(7ft)(87ft)

t
~34901b

= (62‘41_13 (11t)(8ft)(87-7)ft

ft 2

=199701b

10—

EEISEHEITE El. 1553.00°

Headwater

T

Slope = 0.6:1

Tailwater

Vo AN S e e e d

b

wr

w =0.1(1555.0~1475.0) ft
=8 ft.

4

71




Fyyy =34901b+199701b

The location x, of Fy is found from x, =

(]

}/—lle;, +y¥—x,
y—IL' + ;/—IA

p

where x, and x, are the horizontal locations of 7/-14 and 7-11 respectively.

p p

The numerical values give

(34901b)(;x8ftj+(199701b)(§x8ftj

X, =

P (3490+19970)1b

x,=5.141t

The tailwater hydrostatic force components

h
Fry=yy.A= 7[%](”@)

_ ybh}
2

(62.4lb3J(1ft)(4ft)2

ft

2

0=0.6(41ft)=2.4ft.

2 2
Vp =§hr =§(4ft) or

v, =2.67ft

Ib

62.4)(1ft)(2.4ft)(4ft)

Fry 27#:75( 5

Chy j _yblhy ( ft>

%
2 2

X, =1.61t




Problem 2.98
The Altus dam in the figure below is made of concrete

with a density of 150 Ibm/ft>. The coefficient of
friction u between the base of the dam and the

foundation is 0.65. Is the dam likely to slide
downstream? Consider a unit length of the dam

(b=1ft).

o

El 1553.00"

—e

Slope = 0.6:1

Tailwater

Solution 2.98
The total vertical force acting downward is
F=Fyy +Fpry + W, +W, + Wj.
Using the results of Problem 2.97
Fy; =23,4601b

w =0.1(1555.0 - 1475.0) ft=8 ft

The dam weights are
W3 = 0.6(1553.0 —1475.0)ft =46.8ft

W=y 1= (150—) jlft 8ft 1555.0—1475.0)ft=48,0001b

Wy =y 2= (ISOf—Sj 11t IOft 1564.0 —1475.0)ft =133,5001b
t

Wy = 7/0—143—(1501‘—3 [ jlft 46.8ft)(1553.0—1475.0)ft:273,8001b.
t

F =(23460+ 300+ 48000 + 133500 + 273800 Ib = 479,0001b
Horizontal force resisting sliding movement of the dam is: yF = 0.65(4790001b) =311,4001b.
Net force acting to slide dam downstream is (Fyy; — Fyyy ). Using the results of Problem 2.53

(Fyy — Fry ) = (236200 -499)16=2357001b .

the dam will not

Fypy — Frp )< uF :
(Fparr = Fr ) < slide downstream.




Problem 2.99

Find the magnitude and location of the net
horizontal force on the gate shown in the
figure below. The gate width is 5.0 m.

Solution 2.99

The hydrostatic horizontal force F£; H 1s

Fy =y,h.A=p,ghA
kg

:(1000—3j[9.8132j(2.0m)(2.0x5.0)m

m s
=196000 N=196 kN

The location /' of F]', is
h'=3.0m-y,
=3.0m- yc+ij

—(5.0m)(2.0m)’
=3.0m—-|2.0m+

(2.0m)(2.0x5.0)m*

=0.833m
The hydrostatic horizontal force F H is

Fy =y, hA=p, gh.A

- (1000 ke j(9.8132j(3.0m)(2.0x5.0)m

1’1’13 S

=294000 N =294kN

The location of & of F is

Water

Water

3.0m



h"=40m-y, =4.0m—[yc +;Lf4]
Cc

112(5.0111)(2.0111)3

=4.0m-|3.0m+
(3.0m)(2.0x5.0)m?

=0.889m.

The magnitude of the net horizontal force Fy,

Fy = Fyy — Fyy = 294kN-196 kN

The location of the net horizontal force F' above the base is denoted by % and is found by
noting the moment of the resultant is equal to the moment of the components or

non 1

Fh=Fyh' —Fyh',
. Fyh' —Fyh
F
~ (294kN)(0.889m) - (196kN)(0.833m)
- 98kN
h=1.00m

DISCUSSION Note that the resultant of the two opposing forces is not located between the two
forces; this is only true for two forces that are acting in the same direction. Again note that the
atmospheric pressure force was not considered as it acts uniformly on both sides of the gate and

cancels out. Also note that the horizontal hydrostatic forces do not depend on the 45° angle.



Problem 2.100
Find the magnitude and location of the net

vertical force on the gate shown in the figure
below. The gate width is 5.0 m.
‘_ T 1.0m v |
A
s Water T Water 3C‘) m
Solution 2.100 } e Z-Tm \
? ‘-—2.0 m--‘
The hydrostatic vertical force FIV/ is the B B
weight of the water above the gate 1*!,*‘#""’1 -I[
to the level A-A. 20m E&‘}“_E_&f —
- | Wz
Then } | I 4 l tom
—— g" —
40m _'___ L YIJ 20m
Ws # B
[
77777 L0/ L T (777777
=—f=20m——

Fy =Wy + W, = p,g (¥3+F2)
N-s?
kg-m

3 s

~[1000X€ 1 9.81™ || L (2.0%2.0%5.0)m* + (2.0x1.0x5.0)m’
m 2 )12

FI'/ =98100 N+98100 N =196200 N

The hydrostatic vertical force FI; is the weight of the water above the gate to the level B-B.

Fy =W+ W, + W, = pg(F3+F2+F1)

3 s

2
F :98100N+98100N+(1000 kgj(9.8122j(2.0x1.0><5.0)m3(llj > ]
m

=98100N-+98100 N+98100 N
=294300N

The magnitude of the vertical force F,

Fy = Fy, — F, =294300—-196200N

F; =98100 N acting downward.




The location of F is found by first finding the locations of F['/ and FV First
/= Wil + Wyt .
W5+ W,

. ! ‘.
Recognizing that /5 = 3 and /, = ) gives

98100N(2'0j+98100N(2'0)
3m 2m

98100N +98100N

1

/' =0.833m

Also

v Wl + Wl + N
Wi +W, + W

l

l .
Recognizing that ¢ = > gives

98100N Q +98100N 2 +98100N Q
3m 2m 2m

98100 N +98100N +98100 N

0=

/" =0.889m.

The location of the resultant force from the left side of the gate is denoted by ¢;, and is found

from

"o

Rl -Fyl

-

_ 294300N(0.889m)—196200N (0.833m)
- 294300 N —196200 N

Ly

?,; =1.00m from left side of gate.

DISCUSSION Noting that the resultant vertical force, F, =98100N is the weight of a volume

of water measuring ¢ =2.0m, width 5.0m, and height =1.0m, is there a quick way to find F, ?



Problem 2.101

Find the total vertical force on the cylinder shown in the figure below.

Patm

18 cm

Water

Solution 2.101

The net force F' on the cylinder is due to the water and is
F=R+F=pd+pd,.

Since the atmospheric pressure does not contribute to the net force,
p; and p, will be considered gage pressures.

(1000k§j(9.81“2’j(18—5)cm N
P =pugh= oL 3 =1275—
S o ) I
m )\ N-s?
kg m
10005 || 9.8173 |(3)em N
Py = pugh=-—7" > =294—
100S™ kg-m m?2
m A N.s2
-S

Then

2
F=[1275 2 |2 GemP | -2 | +[ 2042 Z(62 =37 Jom?| =
m? )4 100cm m? )4 100cm

or

[F=rn|

pA,

,P,Az



Problem 2.102

A 3-m -wide, 8-m-high rectangular gate is located at the end of a rectangular passage that is
connected to a large open tank filled with water as shown in the figure below. The gate is hinged
at its bottom and held closed by a horizontal force, Fy,; , located at the center of the gate. The
maximum value for Fy; is3500 kN . (a) Determine the maximum water depth, %, above the

center of the gate that can exist without the gate opening. (b) Is the answer the same if the gate is
hinged at the top? Explain your answer.

4 m l F”
T 4m
Hinge—"
Solution 2.102
For gate hinged at bottom
,T —
2 My =0 ||
B h=y,
so that J: |
(4m)FH =y (see figure) (1) _L F: Fu
DN

and Hy

Az h+y = e

kN
Fp=yh.A= (9.80—3j(h)(3m>< 8m)=(9.80x24h)kN
m
1 3 8m)°
I, ﬁ( m)(8m) 5.33
YR = +y. = +h= +h
y.A h(3mx8m) h

s, o)1) a 5

and from Eq.(1)

(4m)(3500kN) :(4—5'hﬁj(9.80x24)(h)kN

so that
h=162m



For gate hinged at top

Hy
My, =0 —,-I:- —p Hy,
S, 7
so that - FH
(4m)FH =/, Fy (see figure) (1) IQ‘: 4= (4-4)

where

P _(h_4)=(ﬁ+4j_(h_4)=ﬂ+4
h h

Thus, from Eq.(1)

(4m)(3500kN) =(5'h£+4j(9.80><24)(h)kN

and

h=13.5m

Maximum depth for gate hinged at top is less than maximum depth for gate hinged at bottom.



Problem 2.103

A gate having the cross section shown in the figure below is 4 ft wide and is hinged at C. The
gate weighs 18,000 Ib, and its mass center is 1.67 ft to the right of the plane BC. Determine the
vertical reaction at 4 on the gate when the water level is 3 ft above the base. All contact surfaces
are smooth.

‘-—5ft—-

._kwnge

Solution 2.103

F=yh,A where h, =1.5ft

Thus, F = (62.4%)(1 Sft)(3ftx4ft)=11201b
t

The force Fjacts at a distance of 11t from the base of the gate.

Fy = pydy where py =y o (31t)

Thus,

F= (62.4%}(3 ft) (5 ftx 4ft) = 37401b
t

and acts at the center of the bottom gate surface.

For equilibrium,

> M, =0

and
F(11ft)+ F, (2.5ft)+ F (5ft) =W (1.67 ft)

so that

& _(18.0001b)(1.67t) ~(11201b)(11ft) - (37401b) (2.5 1)

A =16801b

S5t _—




Problem 2.104
The massless, 4-ft -wide gate shown in the figure below pivots about the frictionless hinge O. It

is held in place by the 2000 Ib counterweight, 7 . Determine the water depth, / .

Width = 4 ft

Solution 2.104

Fp =yh.A where h, :g
Thus, 7"; — Fr
+ 850
F hicb) = po - (48) ya~
= — X = —
R =7H,0 5 VH,0 B ;
YW
b= 4 ft

To locate Fy,

1 3
—(4ft)(h
I +yc=1§l—()+ﬁ=%h

For equilibrium, ZM 0=0

FRd=W(3ft) where d =h—yg :%

r (20001b)(3ft)

so that 52 3
<7H20)[}12j(4ﬂ)
3 (3)(20001b)(3ft)
Thus, h =
b (1
(62.4ft3j(2)(4ft)

h=5.241t




Problem 2.105

A 200-Ibhomogeneous gate 10 ft wide and 5 ft long is hinged at point 4 and held in place by a
12-ft -long brace as shown in the figure below. As the bottom of the brace is moved to the right,
the water level remains at the top of the gate. The line of action of the force that the brace exerts
on the gate is along the brace. (a) Plot the magnitude of the force exerted on the gate by the brace
as a function of the angle of the gate, 8, for0 <8 <90°. (b) Repeat the calculations for the case
in which the weight of the gate is negligible. Comment on the result as 8 — 0.

Moveable
stop

(a) For the free-body-diagram of the gate (see figure),

> Fy=0
so that

Fp (g}rW(gcos ej =(Fgcosg)(lsin@)+(Fgsing)(Lcosd) (1)

Also,
£sinf = Lsin g (assuming hinge and end of brace at same elevation)

or
) /.
sing =—sin @
¢ L
and

Fr=yh.A =7/(€S;n0J(fw)

where w is the gate width. Thus, Eq.(1) can be written as



A Wi . .
14 " (31n6’)w+700s6’:FB£(005¢51n0+sm¢0050)

so that

2 2
7w sin<9+lcos0 7w tan6’+Z
6 2 6 2

cosgsin@+singcosd  cosgtan O +sin g

Ib

For y=62.4f—3, (=5ft, w=10ft, and W =2001b,
t
b 2
62.4— |(5ft)" (101t
(a0
Fo 6 an 2 2600tan+100 3
5 cos ¢ tan 6 +sin ¢ cos ¢ tan 8 + sin ¢

Since sin¢:%sin6’ and (=5ft, L=12ft

5
sing =—sind
/ 12
and for a given @, ¢ can be determined. Thus, Eq.(3)
can be used to determine Fj for a given 6.

(b) For W =0, Eq.(3) reduces to

_2600tan®
5 cos ¢ tan 8 +sin ¢

(4)

and Eq.(4) can be used to determine Fp for a given . Tabulated data of Fj vs. @ for both
W =2001lband W =01Ib are given below.



6, deg F(B), Ib (W=2001b) F(B), Ib (W=01b)

90.0 2843 2843
85.0 2745 2736
80.0 2651 2633
75.0 2563 2536
70.0 2480 2445
65.0 2403 2360
60.0 2332 2282
55.0 2269 2210
50.0 2213 2144
45.0 2165 2085
40.0 2125 2032
35.0 2094 1985
30.0 2075 1945
25.0 2069 1911
20.0 2083 1884
15.0 2130 1863
10.0 2250 1847
5.0 2646 1838
2.0 3858 1836

0 lI_ _JI_ I __. L _‘_ N I—
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Theta, deg

As 6 — Othe value of Fp can be determined from Eq.(4),

_2600tan®
5 cos ¢ tan @ +sin ¢

Since
. 5 .
sing =—sin@
¢ 12

it follows that

2
cos¢=\/1—sin2 ¢ = Jl—[%) sin” @

and therefore



2600tan @ 2600
FB = =

2 2
1- i sinzetan9+isin9 1- Bl sin29+ic0s6’
12 12 12 12

Thus, as 6 >0

260;) =18401b

I+
12

Fp—

Physically this result means that for @ =0, the value of Fj is indeterminate, but for any "very

small" value of @, Fp will approach 18401b.



Problem 2.106
An open tank has a vertical partition and on one side contains gasoline with a density

p=700kg/ mata depth of 4 m, as shown in the figure below. A rectangular gate that is 4 m
high and 2 m wide and hinged at one end is located in the partition. Water is slowly added to the
empty side of the tank. At what depth, /4, will the gate start to open?

_~Partition

Water h M Gasoline

Solution 2.106
Fry =7ghegAy 5 Where g refers to gasoline.

kg

Frg =(700 Ej(wnsﬂzJ(zm)(4mxzm)

=110x10°> N=110kN

Fg = 7whowA4,, s where w refers to water.

3

Fp, = (9.80><103 l}[gj@mx h); whereh is depth of water.
m

Fr,, =(9.80x10° )’

For equilibrium, Y My =0 > Fgl,, = Fg,!

g
l, —g 3 Lg =§rn
(9.80x103)(h2)(§j=(110><103 N)ij
h=3.55m

which is the limiting value for 4.



Problem 2.107

A horizontal 2-m-diameter conduit is half filled with a liquid (SG =1.6) and is capped at both
ends with plane vertical surfaces. The air pressure in the conduit above the liquid surface is

200 kPa . Determine the resultant force of the fluid acting on one of the end caps, and locate this

force relative to the bottom of the conduit.

Solution 2.107

A‘r ~ gréa ot
€ndl
Fai,
. L e g e
E‘ﬂuffﬂn{,‘? = a _u,_gR. T
d |lﬁu;d
e ]
(o]
A,~ aveée ‘
Coveved by hﬁm'd
F,.. =pA,  where p is air pressure

2

F,. =(200><103 i](%j(zm)z =2007x10° N
m

Fliguia =7h.A where h, = g—i (see the figure below)

Thus,

Fhouid :(1.6)(9.81x103 %]{4(1@}6](9(2@2 ~10.5x10° N

m RY/4

For F}iquid >

YR = Ly +y, where /. = 0.1098R* (see the figure below)

ycAZ

and y.=h, =;‘—7I§



—R2
A= IR

2
I, =0.1008r*
€@ —rx g I, =0.3927R*
bl _IF
| | | e =0
I R I R |

Thus,

N [4(3“: ijagj(ﬁ%(sz o

= F + Figuia = (2007 +10.5)x10° N=639kN,

Since Fresultant

we can sum moments about O to locate resultant to obtain
F;esultant (d) = Fair (1m) + F}iquid (ll’n— 0.58911’[1)

So that

(2007x10° N} (1m) +(10.5x10° N)(0.4109m)
639x10° N

d=

=0.990 m above bottom of conduit.




Problem 2.108
A 4-ft by 3-ft massless rectangular gate is used to close the end of the water tank shown in the

figure below. A 200-1b weight attached to the arm of the gate at a distance £ from the frictionless
hinge is just sufficient to keep the gate closed when the water depth is 2 ft, that is, when the
water fills the semicircular lower portion of the tank. If the water were deeper, the gate would

open. Determine the distance /.

— _Hinge l Hiné'
7 1t T
200 b == == T i 3
T Water L& ramus__!_l

—4 ft—]
Solution 2.108
A by
fe— /Q.—"‘—ﬂ-.a- Hhe
T
W T 2
3’,.2 f
RS
Fr
g=(ft+9q,
4R
Fr=yh.A where h, = Ey (see the figure below)
7
Thus,

4R\ zR?
fr=rmo (5)(7}

:(6z4é%J(4§:ﬂj{”(éﬂfJ:sssm

To locate Fjy,




xc
=—+
YR ycA Ye

4
__0.1098R" + 4R (see the figure below)

e
(0.1098)(2t)* L 42n)

:[4(2ft)J7z(2ft)2 3

2

=1.1781t

RY/4

TR?
Tz

I, =0.1098r"

A

I, =0.3927R*

| : ‘!.’1_\{‘ =0

For equilibrium,

> My =0
So that Wl =Fg(lfttyg)
And /e (3331b) (11t +1.1781t) 3636t

2001b —



Problem 2.109

A thin 4-ft-wide, right-angle gate with negligible mass is free to pivot about a frictionless hinge
at point O, as shown in the figure below. The horizontal portion of the gate covers a 1-ft-
diameter drain pipe that contains air at atmospheric pressure. Determine the minimum water
depth, /4, at which the gate will pivot to allow water to flow into the pipe.

Width = 4 ft
\m

Right-angle gate = e =
~~

Hinge

|

[

I
— i le—1 -ft-diameter pipe
1

3 ft—«-l

Solution 2.109

For equilibrium,

ZMO =0
FRIXKIZFszgz (1)
Fy =7’hclA1

= (62.4%}@](4&%) =125h*
i3 )\ 2

For the force on the horizontal portion of the gate (which is balanced by pressure on both sides
except for the area of the pipe)



Fp = yh(%}(lft)z - (62.41—]33j(h)(%j(1ft)2

ft
=49.0 h

Thus, from Eq. (1) with 7, =§ and (, =31t

(125112)(%] —(49.01)(3ft)

h=1.881t




Problem 2.110

The closed vessel of the figure below contains water with an air pressure of 10 psi at the water
surface. One side of the vessel contains a spout that is closed by a 6-in.-diameter circular gate
that is hinged along one side as illustrated. The horizontal axis of the hinge is located 10 ft

below the water surface. Determine the minimum torque that must be applied at the hinge to hold
the gate shut. Neglect the weight of the gate and friction at the hinge.

Air
- 107t ayis
!
- B-in.-diameter
Water gate
A
4
Solution 2.110
v ¥
i ~
Q‘H- \\ ,rua
4 oxg™ T
c AN
f
LN
TR

Let F; [] force due to air pressure, and F, [I force due to hydrostatic pressure distribution of

water.
Thus,
Ib in2 )7\ 6 2
F=p A=|10— || 144— || — || —ft | =283Ib
L Par ( in.zj{ fe]@(uJ
and
1/(3Y 6
Fy=yh,A  where h,=10ft+—||~= || — |ft |=10.15ft
21\5/)\12
So that

Ib Y6 .V
F, =(62.4—)(10.15ft)(—j(—ftj —1241b
P 4 \12



Also,

10ft 1( 6
=<+ where y, =——+—| —ft
sz ycA yC yC g 2(12
5
So that
4
D
VR, = 5> +16.92ft=16.92ft

(16.92 ft)[jj(g ftj

For equilibrium,

And
3 101t
C=F|—ft|+F -——
1[12 j 2| VR, 3
5

3 101t

j: 16.92 ft

C=(2831b)(aftj+(l24lb) 16.92ft——3= |=1021t-Ib

5



Problem 2.111

(a) Determine the horizontal hydrostatic force on the 2309-m-long Three Gorges Dam when the
average depth of the water against it is175 m. (b) If all of the 6.4 billion people on Earth were
to push horizontally against the Three Gorges Dam, could they generate enough force to hold it
in place? Support your answer with appropriate calculations.

Solution 2.111

Fp=yh A= (9.80x103 %)(@)(mmxmw m)

(a) m
=3.46x10'' N
(b)
. 3.46x10'"' N
Required average force per person = —————
6.4x10
=54.1 N (12.2 b ]
person person

Yes. It is likely that enough force could be generated since required average force per person is
relatively small.



Problem 2.113

A 2-ft-diameter hemispherical plexiglass “bubble” is to be used as a special window on the side
of an above-ground swimming pool. The window is to be bolted onto the vertical wall of the
pool and faces outward, covering a 2-ft-diameter opening in the wall. The center of the opening
is 4 ft below the surface. Determine the horizontal and vertical components of the force of the
water on the hemisphere.

Solution 2.113

ZFXZO,OT FH :FR:pCA

Thus,

Ib T 2 .
Fy =yh.A= 62.4f—3(4ft)z(2ft) =7841b (to right)

t _—
and ‘ FBD of watsy:

3
B2 Vv Z
e

where R =11t

Y
Lx F1:’

Thus,

3
Fy = 62.4%(@} =1311b (down on bubble)
t



Problem 2.114
Consider the curved surface shown in the figure below (a) and (b). The two curved surfaces are
identical. How are the vertical forces on the two surfaces alike? How are they different?

Oil Qil

(a) (b)

Solution 2.114

In both cases the magnitude of the vertical force is the weight of shaded section shown on the
right. In addition, the location of the vertical force is the same (the centroid of the shaded
section.) Therefore:

Alike: magnitude and
location of vertical

forces same.

However, the two vertical forces are different in that the force in (a) is acting upward and the
force in (b) is acting downward. Therefore:

Different: direction of
vertical forces

opposite.




Problem 2.115
The figure below shows a cross section of a submerged tunnel used by automobiles to travel

under a river. Find the magnitude and location of the resultant hydrostatic force on the circular
roof of the tunnel. The tunnel is 4 mi long.

Solution 2.115

Due to symmetry, there is no net horizontal force on the roof. The vertical force is equal to the
weight of fluid above the tunnel. This vertical force acts through the centroid of the fluid

volume. Then for a tunnel length /,
F=y¥= y€(2Rh—%R2j

:(62_41—2j(4mi)(528oij{2(20ft)(70ft)—%(20&)2}

ft mi1

~ F =2.86x10"1b|.

acts downward
This force through the
point "O".




Problem 2.116

The container shown in the figure below has circular cross sections. Find the vertical force on the
inclined surface. Also find the net vertical force on the bottom, EF. Is the vertical force equal to
the weight of the water in the container?

% —
o] !
>
B C £
1
A D)
Wat
ater v
E F
| & |

Solution 2.116

The vertical force on the inclined surface is equal to the weight of the water "above" it.
This "water volume" is

¥ = ‘ILcyl +F~hole —F~frustrum

¥ = mfozf—izrl-z (f—h)—%ﬂh(l’oz +rl-2 +r0rl-).

=z (28) (3f) -7 (16t)° (3-1)ft
()] (28) +(18) +(20)(1) | 2418

The vertical force Fj; is
r=1"r =2"h=1",0=3".

Ib
Fy =y ¥ = (62.4¥j(24.1ft3) ~| £, = 15001

The pressure is uniform over the bottom EF so

Fyy=pA=yhd= (62.4%)(7 ft) 7 (21ft)’
t
or
Fyp =354901b This force Fyy, is not equal
*CRC Standard to the weight of water
Math Tables in the container.




Problem 2.117

The 18-ft-long lightweight gate of the figure below is a quarter circle and is hinged at H .
Determine the horizontal force, P, required to hold the gate in place. Neglect friction at the
hinge and the weight of the gate.

< P
Gate
Solution 2.117
Sl e
_ £y P
v |
+ A l Hy Y
dr 75
1
R Pt Hy

For equilibrium (from free-body-diagram of fluid mass),

Y F.=0

So that

Similarly,
Fy=K=y hc1 4
= 62.4£ (6—ftj(6 ftx18ft) =202001b
fi* )\ 2
D F,=0

So that

E,:szyHox(vdumeofﬂuM):(624%%j{%(6ﬁfx18ﬂ}=318mnb
’ t

4(6ft
(61) = Eft (see the figure below)
3z T

Also, x; =



I_=I_=0.05488R*

I, =-0.01647R*

For equilibrium (from free-body-diagram of gate)
So that

P(6ft) =Fy (y1)+FV (xl)

(202001b)(2ft)+(318001b)(8ft

T

P= j =202001b

61t




Problem 2.118
The air pressure in the top of the 2-liter pop bottle and

the figure below is 40 psi, and the pop depth is 10 in. 1 = P =40 psi
! \a——Fair =

- 1-in. diameter

The bottom of the bottle has an irregular shape with a —
diameter of 4.3 in. (a) If the bottle cap has a diameter of
1 in. what is the magnitude of the axial force required

12in.
to hold the cap in place? (b) Determine the force " 10 in.

needed to secure the bottom 2 in. of the bottle to its e A.3-in. diameter

cylindrical sides. For this calculation assume the effect
of the weight of the pop is negligible. (c) By how much y NS
does the weight of the pop increase the pressure 2 in.

above the bottom? Assume the pop has the same specific weight as that of water.
Solution 2.118

b \7),. \2
(@) Fop = Py xArea,,, = [40—2j(zj(hn.) =31.41b

in. —
(b) Fsides
Y e
ZFveITical =0 1 ‘L E 1
Fj4es = F7 = (pressure @ 2 in. above bottom )x (Area)

= (40%) (%)(4.3in.)2 bethom

n.
=5811Ib
(c)
p = pair + 7/]1

= 40% + [62.41—2](%&) ;2

in. ft 144m7.2
ft

= 401—b2 + 0.2891—b2

in. n.

Thus, the increase in pressure due to weight=0.289 psi

(which is less that 1% of air pressure).



Problem 2.119
In drilling for oil in the Gulf of Mexico, some divers have to work at a depth of 1300 ft. (a)

Assume that seawater has a constant density of 64 Ib/ft® and compute the pressure at this depth.
The divers breathe a mixture of helium and oxygen stored in cylinders, as shown in the figure
below, at a pressure of 3000 psia . (b) Calculate the force, which trends to blow the end cap off,
that the weld must resist while the diver is using the cylinder at 1300 ft. (c) After emptying a
tank, a diver releases it. Will the tank rise or fall, and what is its initial acceleration?

8.0in.

diameter
Weld

|/
| L b 1
(_.— 30in. % h
I 1 7 ¢ I Spherical

cap

Steel t f

- 3 1.0in.
p =489 lbm/ft thickness

Solution 2.119

(a) The hydrostatic pressure is

2
t

144in.?

(b) The net horizontal force on the end caps is
Fy =Fy = Fout = Pin4in = Pout dout
and

F, F
7 = wall stress= —2— = N

Awall Aout - Ain

2 2
— pinAin _poutAout _ pinDin _poutDout

Aout - Ain B Dgut -D i%l
[.%ooo_“’zj(&n.)2 —(14.7-578) 2 (8in.)?
1. 1.

(8in.)* - (6in.)’
and

(©) The net vertical force on an empty tank and Newton's second law give



+1 Fp = Fyoy —W =ma

or

a:FBuoy_W:FBuoy_g

m m

where m is the mass of the tank. Now

% 2 % 3
FBuoy = 7sw-;L =Vsw |:(Zj€Dout +(E)D0ut i|

where ¢/ =30in.—6in.=241in. Also

M= Psteel [(%jf(Doutz _Din2 ) +(%j(Dout3 _Din3 ):| :

Substituting into the equation for a gives

1 2 1 3
Vsw |:4£Dout +8Dout :l
B 1 2 2\, | 3 3 -
pstee1|:4£(Dout _Di )+E(Dout _Di )

The numerical values give

(64“2]{1(24)82 + (8 )}in? (32.2 ft.1om j

Cr T

or

ft
sec?

tank will fall

since a < 0.

a=-23.1




Problem 2.120

Hoover Dam is the highest arch-gravity type of dam in the United States. A cross section of the
dam is shown in the figure below (a). The walls of the canyon in which the dam is located are
sloped, and just upstream of the dam the vertical plane shown in the figure below (b)
approximately represents the cross section of the water acting on the dam. Use this vertical cross
section to estimate the resultant horizontal force of the water on the dam, and show where this
force acts.

ft
~f I

- =

715 ft.

Solution 2.120

45 ft
— 880 ft ‘Ji

Break area into 3 parts as shown.

For area 1:

Fn =vh 4, = 624lb ! 7151t ! 2951t)( 7151t

R = VA = F g( )5( )( )
=1.57x10° b

Forarea 3: Fp =Fp =1.57x10° Ib

For area 2:



Fy = yh A, =(62.4%](%)(715ft)(290ft)(715ft)
: t
=4.63x10° b
Thus,

Fy =Fg +Fp +F =1.57x10"1b+4.63x10" 1b+1.57x10° Ib

=7.77x10° 1b

Since the moment of the resultant force about the base of the dam must be equal to the moments
due to Fy , Fp ,and Fy , it follows that
1 2 3

Fpxd=Fy (%)(715ft)+FRz (%j(715ft)+FR3 @j(ﬂSft)

and

(1.57x10° 1b)(§)(715ft)+(4.63><109 1b)(;j(715ft)+(1.57x109 1b)(§j(715ft)

7.77x10° Ib

d =
=4006ft

Thus, the resultant horizontal force on the dam is 7.77 x 10° b acting 406 ft up from the base of

the dam along the axis of symmetry of the area.



Problem 2.121
A plug in the bottom of a pressurized tank is conical in shape, as shown in the figure below. The

air pressure is40 kPa , and the liquid in the tank has a specific weight of 27 kN / m?>. Determine
the magnitude, direction, and line of action of the force exerted on the curved surface of the cone
within the tank due to the 40 —kPa pressure and the liquid.

A1 40 kPa
®

Air
Liquid
am
f_
Im
JI EDO

Solution 2.121

— —

tan30° =

— ol
2

d=2tan30° =1.155m

Al — =

w(d 2
volume of cone=§(5j (1)

For equilibrium,

Z K vertical — 0

So that

Fe = papAta,

where F, is the force the cone exerts of the fluid.

Also,



P =(40kPa)[%)(d2)

:(4OkPa)[%)(1.155m)2 = 41.9kN

And

e om-5(8 e -

- [27%}(;;)(1.155@2 (%mj =75.4kN

Thus,

F,=419kN+754kN=117kN

And the force on the cone has a magnitude of 117kN and is directed vertically downward along

the cone axis.



Problem 2.122

The homogeneous gate shown in the figure below consists of one quarter of a circular cylinder
and is used to maintain a water depth of4 m. That is, when the water depth exceeds4 m, the gate
opens slightly and lets the water flow under it. Determine the weight of the gate per meter of
length.

Pivot

Solution 2.122

gate /

W;d]‘}; </ m

"": ,&. li"

Consider the free body diagram of the gate and a portion of the water as shown.
ZM ,=0,o0r

N
2)  Fy=yhA=9.8x10’ E(3.5m)(1m)(1m) =34.3kN

since for the vertical side, /., =4m—-0.5m=3.5m

Also,

N
(3)  Fy=yh.A=9.8x10 E(4m)(1m)(1m) =39.2kN



Also,

3

@ W=y(1m)’ —y(g(lmf)(lm):9.8x103£{1—£}m3 =2.10kN
4 m3| 4

%) Now, /4, =0.5m and

1 3
6)  f,=05m+ 0.5m+-lx —05 pmim) 0.524
=0. -3.)=05m+—*~=0.5m+ =0.
=05t (yg =3 ) =0.5m ved 3 5m(tm)(1m) "
) andfflm—ﬂ:l—M:o.smm
kY4 kY4

To determine /;, consider a unit square that consist of a quarter circle and the remainder as show

in the figure. The centroids of areas (1) and (2) are as indicated.

/

@O.d‘

cz.‘{c !

o ! '.
3r c;

D~ 4

— |
Oag*f;

Thus,

(O.S—iJAz =(0.5-4,) 4

RY/4

So that with 4, = %(1)2 =% and 4 =1—% this gives

(0.5—%)% ~(0.5 —Kl)(l—%j

or
®)  £,=0223m

Hence, by combining Egs.(1) through (8):

(0.576m) W +(0.223m)(2.10kN) —(34.3kN)(0.524m) —(39.2kN)(0.5m) = 0

or

W =64.4kN




Problem 2.123

The concrete (specific weight =150 1b/ ft® ) seawall of the figure below has a curved surface and
restrains seawater at a depth of 24 ft . The trace of the surface is a parabola as illustrated.
Determine the moment of the fluid force (per unit length) with respect to an axis through the toe
(point A).

L 15 ft !

The components of the fluid force acting on the wall are /{ and W as shown on the figure where

Ib \( 241t

=184001b
and
241t
=——=8ft
M 3
Also,
W =y¥

To determine 4 find area BCD.



Thus, 9

Xo Xo 2 < _ﬂ k- ’ £
A:jo (24—y)abc=jO (24—0.2x )dx T g T
%, 7
0.2x° 7l dA
_ _ - 24~
0 >
2 5,’ i
And with xg =120, 4=175ft* so that _l 4 Z “—‘
X
= Ax1ft =175 < X ‘—’l
Thus, X, = 1120

b s (/Vo:’e.' All lengThs in -f:f)
W=(64.0ﬂ—3j(175ft ):112001b

To locate centroid of A:

xoA=["xda=["(24-y)xdr=["(24x-02x" ) dx =12x] - 0.2x¢

and
4
12(\/ﬁ)z_o.z(\/@)
X, = or 4 _allft
Thus,

— (184001b)(8ft)—(112001b)(15ft—4.11ft)
=252001t-1b



Problem 2.124
A step-in viewing window having the shape of a half-cylinder is built into the side of a large

aquarium. See the figure below. Find the magnitude, direction, and location of the net horizontal
forces on the viewing window.

™ Steps up to
window

Solution 2.124

Due to symmetry, the net force parallel to the wall is zero or

F.=0

z

The net horizontal force perpendicular to the wall is

F,=yh.A= (64%)(25+5)ft(10ﬂx10ft)
t

F.=1.92x10"Ib

The vertical location of F is

1.3
bh 2 2
101t
Yp=Ye ot 12 c oy L0 v, =303t
v.A v.bh 12y, 12(30ft)

The net horizontal force also acts through the coordinate

z=0 and acts in

an outward direction.




Problem 2.125
Find the magnitude, direction, and location of the net vertical force acting on the viewing
window in Problem 2.124.

™ Steps up to
window

Solution 2.125

The net vertical force must equal the weight of fluid inside the viewing window. Then

F,=251001b,
F,y=y¥= yh(szJ =(641—b3)(10ft)(£)(5ft)2 or|
2 2 acting upword.

ft

This net vertical force acts through the centroid of the window volume. Using Appendix B gives

4R _4(5ft)

Iz - 37 or

X =



Problem 2.126

A 10-m-long log is stuck against a dam, as shown in the figure below. Find the magnitudes and
locations of both the horizontal force and the vertical force of the water on the log in terms of the
diameter D . The center of the log is at the same elevation as the top of the dam.

Solution 2.126

Consider the water forces on the log as shown on the right.

The horizontal forces F}; is on the top portion only and is

a3

where / is the log length. Assuming 10°C water, Table A.5 gives

Fy = [1000%)(9.81%}(0.25m)(O.Sm)(lOm) =

m S

The location of Fj; is

2(D 2(0.5
=—| —|==| —m [=]|0.16Tm=
& 3(2J 3(2 j Yp

The vertical force Fj, is the weight of water "above» the bottom of the log minus the weight of

water above the top half of the log. This is

2 2 2 3
Fsz/f ﬂ-i- 2 D— D__ﬂ :}/KD 3_”4_1
8 2 4 16 4 4

) (10001‘%)(9.81?)(10111)(1.0111)2 (3—”“]

m S
4 4

F, =82300N

The location X of Fj, is found by first locating the centroid of area 4; by



¥ = A1 X140 — A%y
1= P .
1

Using Table B

(Djz [D]_ zD* (D_wj

_ 2 4 16 2 3rx
xl = 5 >

(D) _7rD

2
17[(12

16

_|16 162 3;sz
1z

4 16
=0.112D

and is the location of F},; . The location of

Fyy s 2 The location of Fj, is

DJ—FVI(O.IIZD)

i,'
—=x

T

-
“~

2
Z

/1

F -
3 Vz(2
x:
FV
2 2 2 2
ﬂ Df (Dj_ i_ﬂ (0.112D)
B 2 |2 4 16
zD*  D* _|D* 7D’
B 2 4 16
1(” 1)—0112@)(1—”)
B 1 1 b
e
2\ 4 4\ 4

\j
‘F]
For
| .
'
o
v,

=4

Fy,, =weight of water "above"

bottom portion of log.

Fy,, =weight of water above top left

portion of log.



Problem 2.127
Find the net horizontal force on the 4.0-m-long log shown in the figure below.

Solution 2.127

The force F; on the left side of the log is the horizontal force on the

horizontally projected area of the log. This horizontally

projected area measures D =1.0m by 4.0m and gives

%
F, = pgh.A L

- (1000k—%](9.8132j(o.Sm)(mmx4.0m)(llj'S2 J

m S g-m

=19600 N =19.6 kN

The force F on the right side of the log is the horizontal force on the horizontally projected

area of the lower half of the log. This horizontally projected area measures g =0.5m by 4.0 m

and gives

L2
Fy =pghcA=(1000%}(9.81%)(0.25m)(0.5m><4.0m){N > j

m S kgm
=4910N =491 kN

The net horizontal force is

F =14.7kN, acting to right.




Problem 2.128

An open tank containing water has a bulge in its vertical side that is semicircular in shape as
shown in the figure below. Determine the horizontal and vertical components of the force that
the water exerts on the bulge. Base your analysis on a 1-ft length of the bulge.

Solution 2.128

Fy; U horizontal force of wall on fluid

%
Fy, U vertical force of wall on fluid F; l FH

W= yHZOVvol r FV

:(62.4%)[ﬂ(32ﬁ)2 J(lft)

=8821b

Fi=yhA= (62.4%)(611 +3ft)(6ftx1t) =33701b
t

For equilibrium,
F, =W =8821b T

and  Fy; = F, =33701b <

The force the water exerts on the bulge is equal to, but opposite in direction to £}, and Fy
above. Thus,

(Fy),,; =33701b—

(F),,,; =882Ib Y




Problem 2.129

A closed tank is filled with water and has a 4-ft-diameter hemispherical dome as shown in the
figure below. A U-tube manometer is connected to the tank. Determine the vertical force of the
water on the dome if the differential manometer reading is 7 ft and the air pressure at the upper

end of the manometer is 12.6 psi.

— —4-ft diameter
20_psi
5]
] J L . 5f

2 ft
Water

Solution 2.129

For equilibrium, E
Z K vertical = 0 J/
W

So that

FY

Fn=pA-W Eq. (1)
Where F, force exerted by dome on the fluid and p is water pressure at the dome base.

From the manometer, p 4 +74r (7ft)—7/H20 (4ft)=p

» =(12.6 %](144 %}(3.0)(62.41—2)(7 ft)—(62~41—2j(4ft)

n. ft ft ft
Ib

=2880—
ft?

Thus, from Eq.(1) with volume of sphere = %(diameter)3

b\« » 1l x 3 Ib
Fr=|2880— || — |(41ft) ——| —(4ft 62.4— [=351001b
P ( Zj@( ) 2[6( )}[ 3)

ft ft

The vertical force that the water exerts on the dome is 351001b 7.



Problem 2.130

A 3-m-diameter open cylindrical tank contains water and has a hemispherical bottom as shown
in the figure below. Determine the magnitude, line of action, and direction of the force of the
water on the curved bottom.

‘Water

Solution 2.130
Force = weight of water supported by hemispherical bottom

¥1,0| (volume of cylinder ) (volume of hemisphere) |

=9.80%{%(3m)2(8m)—%(3m)1

=485kN

The force is directed vertically downward, and due to symmetry it acts on the hemisphere along
the vertical axis of the cylinder.




Problem 2.131

Three gates of negligible weight are used to hold back water in a channel of width b as shown in
the figure below. The force of the gate against the block for gate () is R. Determine (in terms of
R) the force against the blocks for the other two gates.

S — o) ML SR
TeETEEEE :—'—:—:—'—'—'—:T':‘ . AT =
Hinge
h h
Elock
N
[] v
(a) (b) {e)
Solution 2.131
For case (b) »‘t H ¥
T Hrx
2 1
FR:7/hCA:7/(§j(hxb)—m 1
and jﬁ :

) R
YR=3 h fle— R
Thus, -_._9.J _%e_ft'
ZMHZO Fé =p widty= b
So that

2 2
hR:(zthR:(zhj N BN (]
3 3 2
2
yh°b
R= 1
3 (1)
. 4h
For case (a) on free-body-diagram shown 3 (see the figure below)
T

2
Fp = &2b (from above) and
2
==h
YR 3

and




(hjz
72' R
2
W=yx¥o=y

2
(b) |-
4 16
Thus, ZMH =0
So that W(ﬁ—ﬁ}rFR[th:FBh
2 6m 3

mﬂb(h 4h] m%(gh
2 6r

= Fph
16 2 3] o

F = yh*b(0.390) = 3R(0.390) —>

Fg=1.17R

TR?
7

I.=0.1098R*

A=

I, =0.39278*

‘!.,l_l'c' =0

For case (c), for the free-body-diagram shown, the force F; ® on the curved section passes

through the hinge and therefore does not contribute to the moment around H. On bottom part of

gate

3h\( h 3 5
Fp =yh . A=y| — || =xb |==yh"b
AR ) RS
and

3
NG
Le . _ u(b)(zj L3

sz = Ye _
R
4 )2

=22
36

Thus,

2 My =

So that

36

or

3,0\ 28) 7,
Fo=|2on2 [ 22 )= L 02
B (sy j(.%j 247

From Eq.(1) yhzb =3R, thus

Fg= %R = 0.875R




Problem 2.133

An iceberg (specific gravity 0.917) floats in the ocean (specific gravity 1.025). What percent of
the volume of the iceberg is under water?

Solution 2.133

For equilibrium,

W = weight of iceberg = Fz = buoyant force

or

FiceVico = Fsub¥peean » Where #sup = volume of ice submerged .
Thus,

Vosub _ Viee _ SGice _ 0917 _ 1 e95_29 50,
Fice Yocean S Gocean 1.025




Problem 2.134
A floating 40-in.- thick piece of ice sinks 1 in. with a 500-Ib polar bear in the center of the ice.
What is the area of the ice in the plane of the water level? For seawater, S =1.03.

Solution 2.134

Without the polar bear on the ice, the submerged depth d of the ice is found by equating the
weight of the ice and the buoyant force. Denoting the pure water specific weight by » and the

ice area by 4 gives

Fg =W aree A

or r # 1
28 ¢ |

Wi = 7SAd . t

The ice sinks an additional depth d’ with the bear in the center of the ice. Equating the new
buoyant force to the weight of the ice plus bear gives

Fg =Wiee + Woear »
ySA(d +d") = ySAd + Wy e ,

or

Woear 5001b

ysd [62.4lbj(1.03)[1ft)
ft> 12

or |4 =934




Problem 2.135
A spherical balloon filled with helium at 40°F and 20 psia has a 25—ft diameter. What load
can it support in atmospheric air at 40°F and 14.696 psia ? Neglect the balloon’s weight.

Solution 2.135

For static equilibrium, the buoyant force must equal the load. Neglecting the weight of the
balloon and assuming air and helium to be ideal gases, the load is

L :FB =(7air _7He)%=(pair _pHe)g'IL
-8, ), &)G)
R air R He r 3
Using Table A.4, the numerical values give

Ib Ib ft 4
14.696x144) — 20x144 322—— 12.51t
( <144) ( )ft ( seczj( 3 j( )

2
(53.35 j ( ft-lbj (SOOOR)(SZth-HZ)mj
Ibm-° Ibm-°R Ib-sec
or

L=




Problem 2.136

A river barge, whose cross section is approximately rectangular, carries a load of grain. The
barge is 28 ft wide and 90 ft long. When unloaded, its draft (depth of submergence) is 5 ft and
with the load of grain the draft is 7 ft. Determine: () the unloaded weight of the barge, and (b)

the weight of the grain.

Solution 2.136

(a) For equilibrium,
Z Fyertical =0
So that
Wy = Fg =71 o * (submerged volume)
= (62.4;%)(5 ftx 28 ft x 90 ft)

=7860001b

(b) ZF vertical = 0

Wp+Wy=Fp= YH,0% (submerged volume)

1b
W, = (62.4ft—3)(7 ft x 281t x 90 ft) —786,0001b

=3150001b

U
Te

s I

WL” Uft‘jhf 51( btlre?e_
{uﬂhadacl}

WbTW%
_—_ - - - - j_ﬁ___I
IR
N
2

Wa"" weiﬁlﬁ: o;c jrain



Problem 2.137

A barge is 40 ft wide by 120 ft long. The weight of the barge and its cargo is denoted by W .

When in salt-free riverwater, it floats 0.25 ft deeper than when in seawater (y/ = 64 Ib/ft> ) Find

the weight W'

Solution 2.137

In both cases, the weight W must equal the weight of the displaced water or

=yswAd

Soling for d gives

or

1b
0.25ft)]| 62.4—
d= (0-258) yspw _ ( )[ i

Vsw = VsFw (64.0—62.4)f1b3
t

j =9.75ft.

Then

W=ygyAd = (64.0%}(40“20)&2 (9.75ft)
t

W =3.00x10°1b
20001b

short tonj

or

W =1500 short tons.|

j

I

d'+0.25’}
\Jsr W A A-J
Salt-free water
d |
z/sw Sea water



Problem 2.138

When the Tucurui Dam was constructed in northern Brazil, the lake that was created covered a
large forest of valuable hardwood trees. It was found that even after 15 years underwater the
trees were perfectly preserved and underwater logging was started. During the logging process a
tree is selected, trimmed, and anchored with ropes to prevent it from shooting to the surface like
a missile when cut. Assume that a typical large tree can be approximated as a truncated cone
with a base diameter of 8ft, a top diameter of 2ft, and a height of 100 ft . Determine the

resultant vertical force that the ropes must resist when the completely submerged tree is cut. The
specific gravity of the wood is approximately 0.6 .

Solution 2.138

W [ weight, Fj [] buoyant force, T'[] tension in ropes

For equilibrium,

ZF vertical — 0
T=Fy-W

h
For a truncated cone, Volume = ?(},12 +Kr + rzz)

where: 71, = base radius
r, = top radius
h = height

Thus,

Ftree = M[(mf +(4ftx 1)+ (lft)zJ = 2200 ft*
For buoyant force,

Fg=yy o>xXFtree = (62.4%)(2200’&3) =1370001b
’ t

For weight,
b 3

W =¥ yee X Fotree = (0.6) 6245 (2200 fi ): 824001b
t

Therfore,

T =1370001b —824001b = 546001b




Problem 2.140

An inverted test tube partially filled with air floats in a plastic water-filled soft drink bottle as
shown in the figure below. The amount of air in the tube has been adjusted so that it just floats.
The bottle cap is securely fastened. A slight squeezing of the plastic bottle will cause the test
tube to sink to the bottom of the bottle. Explain this phenomenon.

/’[ ‘}\.f = Air

Test tube —__|
|

Water—"

=—Plastic bottle

Solution 2.140

’ 2

! ".,.'.T '-‘ H -_:"

= P peete
odi%«d»/.f o i

.
-4 1
L -~ 0 = atty

Where the test tube is floating the weight of the tube, W , is balanced by the buoyant force, Fj,
as shown in the figure. The buoyant force is due to the displaced volume of water as shown. This
displaced volume is due to the air pressure, p , trapped in the tube where p = p,, +y oh. When
the bottle is squeezed, the air pressure in the bottle, p,, is increased slightly and this in turn
increases p , the pressure compressing the air in the test tube. Thus, the displaced volume is
decreased with a subsequent decrease in F . Since ¥ is constant, a decrease in Fp will cause

the test tube to sink.



Problem 2.141

A child’s balloon is a sphere 1 ft. in diameter. The balloon is filled with helium

(p=0.014 Ibn/ft* ). The balloon material weighs 0.008 Ibf/ft? of surface area. If the child
releases the balloon, how high will it rise in the Standard Atmosphere. (Neglect expansion of the

balloon as it rises.)

Solution 2.141

ey

/,/ejb/f-afﬁ

LS = ‘._;//wrﬂu,areq

’4= .rarf{ace area

A force balance in the vertical direction for the balloon gives

+ 1Y F. =0=p,.g¥ - prog¥—wA

for the balloon at rest at its highest elevation. Then

Interpolating Table A.2 for the Standard Atmosphere,

z = elevation=5000 ft + 5000 ft(

pHeg'IL+ wA
Pair =—
g+
2
v wla0)
= PHe +g__IL_pHe +7
6
] N 6(0.008%}(32.2 ft'lb“;j
= Pyt = 0014250+ ft - Ib-sec
& ft (32.22j(1.0ft)
S€C
~0.06220
fi
0.06590 — 0.062 J 70708
0.06590 — 0.05648




Problem 2.142

A 1-ft-diameter, 2-ft-long cylinder floats in an open tank containing a liquid having a specific
weight y. A U-tube manometer is connected to the tank as shown in the figure below. When the
pressure in pipe 4 is 0.1 psi below atmospheric pressure, the various fluid levels are as shown.
Determine the weight of the cylinder. Note that the top of the cylinder is flush with the fluid
surface.

py=—0.1 psi

— Water

Cylinder —— Gage fluid 5G = 1.5

SD. W‘E. :T

Solution 2.142

From a free-body-diagram of the cylinder

Z K vertical = 0 l%

So that
W=F —y(”j(lft)z(th)
P |
4
1
m (M | Fa
2

A manometer equation gives,
7(3.5t)~(8G) (71,0 )(258) =710 (1ft) = p g
Ib Ib Ib in
3.56t)—(1.5)] 62.4— |(2.5ft)—| 62.4— |(1ft)=| -0.1— || 144 —
7(3:58)=( )( ft3j( ) ( ft3j( ) ( in.2j[ ft2]
Ib

7 =80.6—
ft>

Therfore, W =(£ft3J 80.6-2 |=1271b
2 ) ——



Problem 2.143
A not-too-honest citizen is thinking of making bogus gold bars by first making a hollow iridium

(S = 22.5) ingot and plating it with a thin layer of gold (S = 19.3) of negligible weight and
volume. The bogus bar is to have a mass of 1001bm. What must be the volumes of the bogus bar
and of the air space inside the iridium so that an inspector would conclude it was real gold after

weighing it in air and water to determine its density? Could lead (S =11.35 ) or platinum

(S = 21.45) be used instead of iridium? Would either be a good idea?

Solution 2.143
S, =225 (iridium); S5 =19.3(gold);  Fpp=Fx+Fas;  mgg=m, =100lbm

Neglect the weight of air in the air space and the buoyant force of air on the bar.
The volume of a pure gold bar would be

/4
¥ =—%L .
el

The bogus bar must have the same volume and weight as the pure gold bar so it will weigh like a
solid gold bar in water. The volume condition gives

¥ =Fpp =F-u4s+V,.
Since W5 =W,

114 W J~
Hus +Fx=Fgp=—9B =", -ILAS-F-ILx:yx =,
Ye G el
F45 =Fx (7/—"— J:'IL)C {&—lj.
YG S
The numerical value of the iridium volume is
Pl — L Y VDY )

Voo Tx (22.5x62.41t;]
ft

The air space volume is # 45 =0.0712 ft> (%—lj or |[#.45=0.01181f.

The bogus bar volume is # 55 = # 45 + ¥ =(0.0118+0.0712)ft> or |[# 55 =0.0830ft’.

Lead will not work because it is less dense than gold.

Platinum could work because it is more dense than gold.
However, platinum is more expensive per unit weight than gold,
so it would be a foolish choice.




Problem 2.144
A solid cylindrical pine (S = 0.50) spar buoy has a cylindrical
lead (S =11.3) weight attached, as shown in the figure below.

Determine the equilibrium position of the spar buoy in seawater
(i.e., find d ). Is this spar buoy stable or unstable? For seawater,
S =1.03.

Solution 2.144

The equilibrium position is found by equating the buoyant force
and the body weight.

Fp=Ww
VewdA =yl , A+ )/ppr
g Yl 7,0 _ Sely+S,0,
Vw Ssw
B 11.3(0.5ft)+ 0.50(16ft)
1.03

d=13.3ft

Since d <13.8ft (the total length of the spar buoy), the spar
buoy floats. We now have to check the stability of the buoy.

I= %(radius)4 = %(m)“ =0.7854 ft*,

—
VAN B e
- 16 (
d
Lead 0.5 \
'
.#-
T
== ”
Lep
- £ | N P
AR
T

¢ . = distance from bottom of buoy to center of gravity of buoy

£y L
Al V4 Al
Ecsz+fchcp:(2j(M "*)’{ et ZJ(%D p)

C

W+ W, Y AL, +y, AL,
/,
Sply| L 1+8,0, 0, +-2
! "f(zj p p[ ) j_11.3(0.5)(0.25)+0.5(16)(0.5+8)ﬁ
- Syl +8,0, - 11.3(0.5)+0.5(16)
0,=5.00 ft
d 1330 _ (65, n=r, —9_500i—6.650=—1.561,
2 2 2
4
m=t_p 20T () sy <1580
s 41.8ft

¥ = Ad = 7 (1) (13.3ft) = 4181,

m>0 — | buoyis stable




Problem 2.145 M
When a hydrometer (see the figure below) having a stem

diameter of 0.30in. is placed in water, the stem protrudes Fluid

H3.-'-':Ir-::meter—--jE surface
3.151in. above the water surface. If the water is replaced

with a liquid having a specific gravity of 1.10, how much o o e
of the stem would protrude above the liquid surface? The
hydrometer weighs 0.0421b .

Solution 2.145

When the hydrometer is floating its weight, ¥, is balanced by the buoyant force, Fj .,

ZFvertical:FB_Wzo Iﬁ
(7H20)v1 =W= (SG)(7/H20)V2 v
Y Y
2 <G = : - -
For water, g
p- 0'0421Lb =6.73x107*ft’ T FB
YHo  62.4—
ft?
For other liquid,
_6.73x107* ey ‘L W

=6.12x107* 3
1.10

Therefore,
Y~y =(6.73-6.12)x107* > = 0.61x 107 £

The change in submergence depth occurs with only the stem protruding from the surface.

.3
T N2 A, 4 3 in.
(ﬂ(osoln.) Ar=(0.61x107* )(1728—&3J

Al =1.491n.

With the new liquid the stem would protrude 3.15in.+1.49in. =| 4.64in. above surface




Problem 2.146
A 2-ft-thick block constructed of wood

(SG = 0.6) is submerged in oil
(SG =0.8) and has a 2-ft-thick

aluminum (specific weight =1681b/ ft> )

plate attached to the bottom as indicated
in the figure below. Determine
completely the force required to hold
the block in the position shown. Locate
the force with respect to point 4.

Solution 2.146
Equilibrium: Y F,icq = F =W, + Fg,, —~ W, + F, =0 e 1o#t )

Wy = (SGW)(VHZO)'I%

(0.6)(62.4%j6j(10ft x4ftx 2 ft) =15001b
t

Wa

(168%}(0.5ftx10ftx2ft):16801b
fi

L ~ wood

o~ aluminum

Fpy =(5Gy; )(7}120)‘1%

=(0.8)(62.4%)(%)(10ftx4ft><2ft)=20001b Fa dorce 4o hald block
t

Fao =(8Gu) (7,0 ) ¥ = (0.8)(62.4%J(0.5 fix10ftx 2 ft) = 4991b

Therefore, F =15001b—20001b+16801b-4991b —| F =681 Ib upward

Equilibrium:

dYM,=0 - EF:(%ftj(Ww—Fgwﬁ(Sft)(Wa—FBa)

¢(6811b) = (%ftj(lSOOlb ~20001b) + (5ft)(16801b — 4991b) = 6.22 ft

F acts 6.22 ft to the right of point A




Problem 2.147
How much extra water does a 147 —Ib concrete canoe displace compared to an ultralightweight
38 —1b Kevlar canoe of the same size carrying the same load?

Solution 2.147

LW
For equilibrium, fw

(
Z K vertical = 0 F-B

and

W =Fg =yy 0¥ and ¥ is displaced volume.

For concrete canoe,
C

1471b =(62.4f1—2j%
t

=236t

For Kevlar canoe,

Ib
381b = (62.4ﬁ—3JJ§;
¥ =0.6091t>

Extra water displacement =2.36 ft> —0.609 ft>
=175




Problem 2 .148
A submarine is modeled as a cylinder with a length of 300 ft, a diameter of 50 ft, and a
conning tower as shown in the figure below. The submarine can dive a distance of 50 ft from

the floating position in about 30 sec. Diving is 3% of cylinder - 7% of cylinder volume
accomplished by taking water into the ballast

tank so the submarine will sink. When the Pucter = 64 1DV
submarine reaches the desired depth, some of the

water in the ballast tank is discharged leaving the

submarine in “neutral buoyancy” (i.e., it will

neither rise nor sink). For the conditions N -

illustrated, find (a) the weight of the submarine

and (b) the volume (or mass) of the water that il Water
must be in the ballast tank when the submarine is submerged lﬁ;ﬂgrge ’

in neutral buoyancy. For seawater, S =1.03. pestton HEHHET

Solution 2.148

(a) Denoting the cylinder radius by R, the submarine weight is equal to the buoyant force so
W=F B= V'ILsubmerged

= (7R?¢)(1.03)

when the submarine is in the partially submerged position. The numerical values give

W=(64f1—2Jﬂ(25ft)2(300ft)(1.03) or W =3.88x10"1b
t

(b) For neutral buoyancy at the lower depth, the submarine weight W plus the ballast weight
Wy must equal the buoyant force so

W+ Wy = Fy =y (zR*()(1.10)

or
Wy =y (7R>¢)(1.10)-W .
WB
The ballast volume - =—= so
y
7
¥ = (2R20)(110) - = 7 (2510)° (300&)(1.10)_%
' (o)
t

¥p = 41700




Problem 2.150
When an automobile brakes, the fuel gage indicates a fuller tank than when the automobile is

traveling at a constant speed on a level road. Is the sensor for the fuel gage located near the front
or rear of the fuel tank? Assume a constant deceleration.

Solution 2.150

= —
N N

) decelerating
accelerating _y
automobile ( e 1ng)

automobile

SO

sensor located
in front of
fuel tank.




Problem 2.151

An open container of oil rests on the flatbed of a truck that is traveling along a horizontal road at
55 mi/hr. As the truck slows uniformly to a complete stop in5 s, what will be the slope of the
oil surface during the period of constant deceleration?

Solution 2.151

a
slope=%=— X
dy  g+a,

_ final velocity - initial velocity

a
Y time interval
m
0—(55mph)| 0.4470—5
(55mph) mph
= =492
5s 52
Thus,
. (—4.92“2}
Zo N 570502

D 981040
S



Problem 2.152

A 5-gal, cylindrical open container with a bottom area of 120 in.2 is filled with glycerin and rests

on the floor of an elevator. (a) Determine the fluid pressure at the bottom of the container when

the elevator has an upward acceleration of 3 ft/ s2. (b) What resultant force does the container

exert on the floor of the elevator during this acceleration? The weight of the container is

negligible. (Note: 1 gal = 231in.3)

Solution 2.152

hA = volume

2\ (50q 231in 2 | i
h(120in%) = (5¢ 1)( J I E

gal . + [ ﬁ}: : %t‘*
h=9.63in. I EL __\Lllli‘i
(a) L —p(g+a.) e =8
Thus,

\ 0
IOP dp=—p(g+az)jh dz
and

pr=p(g+a)h

- (2.44 Slufsj(32.2%+ 3%) [—9‘63 ft]
ft S S 12

=68.9—
ft?

(b)  From free-body-diagram of container,

Ff:pbA

Ib o[ 11t
=] 68.9— [(1201n.
[ ftzj( )[144111?}

~57.41b 1A

Thus, force of container on floor is 57.41b downward .




Problem 2.153

A plastic glass has a square cross section measuring 2% in. on a side and is filled to within

% in. of the top with water. The glass is placed in a level spot in a car with two opposite sides
parallel to the direction of travel. How fast can the driver of the car accelerate along a level road
without spilling any of the water?

Solution 2.153

Slope of water surface l-— 2,5 ——I
—_ Aear __..i. 'z: ”
g t

of Wd}‘ff

Aear = _g(Sk)pe)

_ _(32‘2 ft j 3 1.01.n.
sec2 2.51n. L ——— -
or
z
i 1
a., =12.9——
car Sec2 X




Problem 2.154
The cylinder in the figure below accelerates to the left

Siyig = 1.0
at the rate of 9.80m/s”. Find the tension in the string 7 . .
connecting at rod of circular cross section to the £ Sting | Sroq = 2.0 ) Focm
cylinder. The volume between the rod and the cylinder 8.0 cm—|

is completely filled with water at 10°C. ay = 9.8 mis?
~— cy -

Solution 2.154

a7 1.0
First find the pressure difference in the water over a length N an i — ,
: o : e Swe= 20 JT1.0cm
¢ =8.0cm . Since gravity is perpendicular to the rod, Eq.(2.41) l’ String | o
~ F—8.0cm—
gives .
dp=—pa d Qxx2FCom/s2
o . . o f 4
For the x-direction. Integrating gives C———1
pr— P =—pay(x,—x). | L_x'_
For 10°C water, Table A.5 gives ' X2
kg m m N
—p; =—|1000—= || 9.80— |(8.0cm =-784—
We next apply Newton’s second law to the rod
- A A
+ 2 F = may,
A
T+(p1—p2)A—max, rz L_X_E
T—(p2 —pl)A+maX
Using the specified information,
zD?
m= p,,SroalA= p,Sioq [TJZ
kg V4 2 Im :
=11000— (2.0) — (l.Ocm) (8.0cm) =0.0126kg
m’ 4 100 cm
D? ?
4= -Z(1.0cm)’ —7.854x10 m?.
4 4 100cm

Therefore,

N - m
T= (—784¥j(7.854 x10~m? )+ (0.0126kg)(9.805—2j

T =0.062N




Problem 2.155
A closed cylindrical tank that is 8 ft in diameter and 24 ft long is completely filled with

gasoline. The tank, with its long axis horizontal, is pulled by a truck along a horizontal surface.
Determine the pressure difference between the ends (along the long axis of the tank) when the

truck undergoes an acceleration of 5ft/ s2.

Solution 2.155

P .
a - &£t
eSS

ap

—=—p0a

oy Py

Thus,

L’: dp =-pa, IOZ ‘ay

Where p=p; at y=0 and p = p, at y =24ft,
and

Pr—p=—pa, (24ft)

:-(1.32Mj[5%j(24ft)

ft> S
)

=—158—
ft?

or

p1— Py =158—
1 2 ft2




Problem 2.156

The cart shown in the figure below
measures 10.0 cm long and 6.0 cm high
and has rectangular cross sections. It is
half-filled with water and accelerates
down a 20° incline plane at a =1.0 m/s?.
Find the height /.

Solution 2.156

Unfortunately, there are 2 x-directions in the problem statement.
Noting that the gravisty vector is in the negative z-direction, change the label on the axis normal
to the z-direction to be “n”. Resolving the acceleration along the plane into n,z components:

a,=-asin@, a,=acosb,0=20°
For rigid-body motion of the fluid in the n,z coordiantes::

dpz—pandn—p(g+az)dz
dp=—pacosfdn—p(g—asinf)dz =0 « along free surface p = p,,,

Using trignometirc relationships this equation can be converted into X,y coordinates.

dn=dx cos@ + dysin@
dz =dy cos@ —dxsin 0

—pacosf dn—p(g—asinf)dz=0
—pacosf [dx cos @ + dysin@]— p(g —asin0)[dy cosd —dxsin 6] =0

—(pa0052 Q)dx—(pacosﬁsinﬁ)dy—[p(g—asinH)cosH}dy—[p(g—asin@)(—sin@)]dx =0
[—,oacos2 9+p(g—asin9)sin9}dx+[—pacos6’sinH—p(g—asin&)cosﬁ]dy =0
[—pa(cos2 0 +sin? 9)+pg sin H}der[—pg cos H]dy =0

[-pa+ pgsin@]dx—[pgcosO]dy =0
[—a+gsin0]dx—[gcos9]dy=0

Integration yields:

(-a+gsin@)x—(gcosf)y=—C

[ a sinH]
y=|- + x+C
gcos@ cosf




The constant of integration can be determined by noting that the container is }2-full:

l
V water = _[0 ydx

, :

zj - +sm¢9 x+C |dx
0 gcosd cosl

2

| -——% _itane £—+CE

gcosf 2

l gcosf
m
_(10.0em)(6.00m)/2 T2
(10.0¢m) (9.81“21 c0s20°
S
=1.723 cm

Solving for the the requested length:

yz(— ¢ +tan9}x+C
gcosf

h= ) S
(9.81)00s20°

h=428cm

 an20° (10.0cm)

+tan 20° } (10 cm)+1.723 cm = 4.277 cm



Problem 2.157

The U-tube manometer in the figure below is used to measure the acceleration of the cart on
which it sits. Develop an expression for the acceleration of the cart in terms of the liquid height
h, the liquid density p, the local acceleration of gravity g, and the length /.

——
’ ‘ ok
R

Solution 2.157

Writing Newton’s second law in the horizontal direction (x-direction) for the bottom leg of the
manometer gives

ZszmaX,

Lot
pA—p,A=plda, -T— ——;/'1
or /71 I —
| T
a= Pe—Pr Y ) p
pl . A

Applying the manometer rule to the two legs of the manometer gives
P = Pam + P8R

and
Pr = Dam + P8R

Subtracting gives
pe=pr=pg(h —h,)=pgh

SO

_ pgh
yol4

|

o

=

Q

Il

oQ
7\
~
N—




Problem 2.158

A tank has a height of 5.0 cm and a square cross section measuring 5.0 cm on a side. The tank
is one third full of water and is rotated in a horizontal plane with the bottom of the tank 100 cm
from the center of rotation and two opposite sides parallel to the ground. What is the maximum
rotational speed that the tank of water can be rotated with no water coming out of the tank?

Solution 2.158

dp =—pgdz +pa)2r dr

Since dp =0 along the free surface, the free surface

is identified by the equation ‘9' 4

0:—pgdz+pa)2rdr (_t; /L
A b

0=—gdz +w*rdr nh+h=100cm—

Integrating gives

0= —gjjgzjdz+w2j;rdr,

Oz—g(z+§]+%2(r2 —rlz),

or
=2t

Recognizing that the volume of water in the rotating tank must equal
b*h

? g1ves R |L_
a'r

bz?h = J:lJrh zbdr = bj:+h|:—§+§)—;(r2 —r12 ):I dr,

b2h br &t i
—=bh| ——4+— ——rlzr ,
6 2 2g\ 3



] 4bhg

w= 3 3 .

The numerical values give

4(50m)(50m)(9810r2nj
3{(10030m) _(95(;m) —(950m)2(50m)J

=(3.68@j rev (@j or |w=235.1rpm
S 27z rad J\ min

DISCUSSION Note the that when r =1+,
2 2
z:—é+a)—((r1+h)2—r12):—2+a)—(2r1h+h2).
2 2g 2 2g

The numerical values give

imm 2(95em) (sem) + (sem)’ |

cm
2| 9817+
[ 82 j

=4.23cm

or the assumption indicated in the above figures that the water does not reach the uppermost side
of the tank is correct.



Problem 2.159
An open 1-m-diameter tank contains water at a depth of 0.7 m when at rest. As the tank is rotated

about its vertical axis the center of the fluid surface is depressed. At what angular velocity will
the bottom of the tank first be exposed? No water is spilled from the tank.

Solution 2.159

Equation for surfaces of constant pressure:

2,2
z= + constant

2g

. ETYR B
For free surface with 2=0 at »r =0, J.-_ﬁ‘.
6()2}”2 K/ ‘

h=

2g F_ " _."‘

The volume of fluid in rotating tank is given by . &L‘j n 4idéfﬂ_

2 2 nd
R

= 27zrhdr:27[—w Rr3dr:7m}R
Y=,

2g 70 4g

Since the initial volume, ¥ = 7Z'R2/’ll~, must equal the final volume,

V=¥

So that
2 4
7w R =7Z'R2hi
4g
or
m
4(9 81j(07m)
2
o= |28 _ s 10574




Problem 2.160 "
The U-tube in the figure below rotates at 2.0 rev/sec. Find C—b A

the absolute pressures at points C and B if the atmospheric
pressure is 14.696 psia . Recall that 70 °F water

evaporates at an absolute pressure of 0.363 psia .

Determine the absolute pressures at points C and B if the !
U-tube rotates at 2.0 rev/sec. 1 Ty
P o(C Be | —

70°F water Fi 2.5 4’|

Solution 2.160
Applying the manometer rule to one of the legs and using

the data in Table A.6, y-)

Pp = patm+pgh
Ib

(62.3ﬂ3j(1m.) p

pp =14.696psia + — , :
in. I

|-+

pp =14.732 psia

Section 2.6.2 gives: o = pra)z.
or
. . Ds 2 (R pa)zR2
Integrating from » =0 to » =R gives: I dp = po J. rdr or pp—pc= 7
Pc o
Therefore,
2
22 (62.3““?)(2.0”) (2.51t)°
Pe.=Pgp _Pe T . 14.732psia - fi sezc
2 o[ 144in? | rev (32.2ft-lbmj
ft? 2rrad Ib - sec?
p. =8.10 psia

Check for phase change: p,. >0.363psia = no evaporation > above answer is correct.

DISCUSSION Note that if p, were calculated to be less than0.363 psia , some of the water

would vaporize and p, would be 0.363psia .



Problem 2.161

A child riding in a car holds a string attached to a floating, helium-filled balloon. As the car
decelerates to a stop, the balloon tilts backwards. As the car makes a right-hand turn, the balloon
tilts to the right. On the other hand, the child tends to be forced forward as the car decelerates
and to the left as the car makes a right-hand turn. Explain these observed effects on the balloon

and child.

Solution 2.161

A floating balloon attached to a string will
align itself so that the string it normal to
lines of constant pressure. Thus, if the car
is not accelerating, the lines of

p =constant are horizontal (gravity acts
vertically down), and the balloon floats
“straight up” (i.e. 8=0). If forced to the
side (@ #0), the balloon will return to the

constant
Pf'e..{'d‘yre /Jﬂf‘f

Fa-W = byo
A —— BNz hoat b
e S
f ——%F -
S T = tepsion in
sfr;‘ng

Fardigd

F"?' (N /V"‘QGGE/.:'!‘GI!}GW) =0 for
equilibrivm.

vertical (@ = 0equilibrium position in which the two forces T and Fg-W line up.

Consider what happens when the car decelerates with an amounta,, <0.

As show by the equation,

a
slope:%:— L
dy g+a,

the lines of constant pressure are not horizontal,

d a a

“__ v Ty since a, =0 and
dy g+a, g

ay<0.

Again, the balloon’s equilibrium position is with the
string normal to p = const. lines. That is, the

balloon tilts back as the car stops.

——

Z L "'-_'ggr e~
y -

ratien
— car
mot on

- = = -

F r'q- (2) Ba//aoﬂ a/fgﬂed $o that
string is normal to p=oam~fam‘

f ﬂ]ﬂﬁs

RN
e ,ﬁwﬂa Y O
ay= VIR — P N 1 Fig. {é‘)?éen" fum; bafleon ilis to

2

When the car turns, a,

and the balloon tilts to the outside of the curve.

Vv . . .
= = (the centrifugal acceleration), the lines of p = const. are as shown,



Problem 2.162
A closed, 0.4-m-diameter cylindrical tank is completely filled with oil (SG = 0.9) and rotates

about its vertical longitudinal axis with an angular velocity of40 rad /s. Determine the difference

in pressure just under the vessel cover between a point on the circumference and a point on the
axis.

Solution 2.162

X ]ﬁﬁ.zm-‘r,

Pressure in a rotating fluid varies in accordance with the equation,

27"2

2

p= — ¥z + constant

Slnce ZA :ZB’

Pp— P4y :%(’ﬁlg_rj)

) (0.9)[103 ;%j(wre:ijz [(02m)’ 0]

2

=28.8kPa




Problem 2.163
The largest liquid mirror telescope uses a 6-ft-diameter tank of mercury rotating at 7 rpm to

produce its parabolic-shaped mirror as shown in the figure below. Determine the difference in
elevation of the mercury, A/ ,between the edge and the center of the mirror.

/Receiuer

Light rays

Solution 2.163

For free surface of rotating liquid, A

2 2

wr
zZ= + constant
2g lk:"" ]

Letz=0 at » =0 and therefore constant =0 .

Thus, Ah=Az for r =3ft and with

rad \[ 1min
o=(7rpm)| 27—
( P )( ﬁrevl( 6OSJ

_0.73372d

S

It follows that

S

fi
2322
( S2j

rad \’
(0.733) (3ft)°
Ah = =0.07511t




Problem 2.101

Find the total vertical force on the cylinder shown in the figure below.

Patm

18 cm

Water

Solution 2.101

The net force F' on the cylinder is due to the water and is

F=FR+F=pd4+py4,.

Since the atmospheric pressure does not contribute to the net force,
p; and p, will be considered gage pressures.

kg m
(10003j(9.812j(18—5)cm N

= p,gh= oL 5 = 1275—
P1= Py (mocmj(kg.mj m2
m )\ N-s?
kg m
1000~ |1 9.817 |(3)em N
Py = pugh=-——7" ° =294—
(mocm)(kg-mJ m?
m )\ N-§2
-S

Then

2
F=[1275 212 Gem)? | 2| +[ 204 2% Z(6* -3 Jem?| —2
m? )4 100cm m? )4 100cm

or

=]

5»42



Problem 2.102

A 3-m -wide, 8-m-high rectangular gate is located at the end of a rectangular passage that is
connected to a large open tank filled with water as shown in the figure below. The gate is hinged
at its bottom and held closed by a horizontal force, F}; , located at the center of the gate. The

maximum value for F; is3500 kN . (a) Determine the maximum water depth, /4, above the

center of the gate that can exist without the gate opening. (b) Is the answer the same if the gate is
hinged at the top? Explain your answer.

4m l F”
T 4 m
Hinge—"
Solution 2.102
For gate hinged at bottom
4.\ ———
> My =0 | |
Y% h=
so that 2 | b
(4m)Fy = (Fy (see figure) (1) LL L Fi
Ll
and Hy
)\ = i’l‘i"‘i e ﬂg
kN
Fp=yhA= (9.80—3j(h)(3mx 8m)=(9.80x24h)kN
m
1 3 8m)°
I, 5( m)(8m) 5.33
Vp = +y.= +h= +h
v.A h(3mx8m) h

Thus, €(m)=h+4—(5'hﬁ+hj:4_%

and from Eq.(1)

(4m)(3500kN) =(4_5']1ﬁJ(9.80xz4)(h)kN

so that
h=162m



For gate hinged at top

Hy
M, =0 TR
Sy 7
so that e Ff“
(4m)Fy = ¢, Fy (see figure) (1) L5, (h-y)

where

0 =yR—(h—4)=(5'733+4]—(h—4)=5'733+4

Thus, from Eq.(1)

(4m)(3500kN) =(%+4](9.80x24)(h)kN

and

h=13.5m

Maximum depth for gate hinged at top is less than maximum depth for gate hinged at bottom.



Problem 2.103

A gate having the cross section shown in the figure below is 4 ft wide and is hinged at C. The
gate weighs 18,000 Ib, and its mass center is 1.67 ft to the right of the plane BC. Determine the
vertical reaction at 4 on the gate when the water level is 3 ft above the base. All contact surfaces

are smooth.

‘-—5ft—-

._kwnge

9 ft
I b N
e e e
3t
S B
Solution 2.103
F =yh.A where h, =1.5ft
Ib
Thus, F| = 62.4f—3 (1.5ft)(3ftx4ft)=11201b
t

The force Fjacts at a distance of 1ft from the base of the gate.

Fy = pyA, where py =y 0 (3ft)

Thus,

A =(62.4f1%j(3ft)(5 fix41t) = 37401
t

and acts at the center of the bottom gate surface.
For equilibrium,

> M. =0

and

F(11ft)+ Fy (2.5ft)+ F (5ft) =W (1.67 ft)

so that

o _ (18.0001b)(1.67ft)~(11201b) (11ft) ~(37401b) (2.511)

=16801b
5tt —_—



Problem 2.104
The massless, 4-ft -wide gate shown in the figure below pivots about the frictionless hinge O. It
is held in place by the 2000 1b counterweight, W . Determine the water depth, / .

[ Width = 4 ft
*—3ft‘—{ I
W
Solution 2.104
Fp =yh.A where h, =§
Thus, ?"; < fr
5 L — O,
h h ¥ Yy
Fp =7H205(h><b)=7}1205 (4ft) @
v W
To locate Fjy, o=kt
L(am)(w)
:Ii_'_ :12—_}_&:_}1

YR A Ye h 2 3

For equilibrium, ZM 0=0

Fpd =W (3ft) where d =h—yp =§

<o that h_(20001b)(3ft)
’ (7H20)(h;](4ft)
Thus e (3)(20001b)(31t)

(62.4;;}(;)(4@

h=5.241t



Problem 2.105

A 200—1bhomogeneous gate 10 ft wide and 5 ft long is hinged at point 4 and held in place by a
12-ft -long brace as shown in the figure below. As the bottom of the brace is moved to the right,
the water level remains at the top of the gate. The line of action of the force that the brace exerts
on the gate is along the brace. (a) Plot the magnitude of the force exerted on the gate by the brace
as a function of the angle of the gate, €, for0 <6 <90°. (b) Repeat the calculations for the case
in which the weight of the gate is negligible. Comment on the result as 8 — 0.

Moveable
stop

(a) For the free-body-diagram of the gate (see figure),

so that

Fy (%j—i—W(gCOS 6’) =(Fgcosg)(lsin@)+(Fgsing)(Lcosd) (1)

Also,
lsin@ = Lsin ¢ (assuming hinge and end of brace at same elevation)

or
. l .
sing =—sin@
¢ L
and

Fy=yh.A= 7(“12119)(&@

where w is the gate width. Thus, Eq.(1) can be written as



3
7{%](sin 6’)w+W7€cos«9 = FBf(cos¢sin6’+sin¢cos«9)

2

2
7w sin9+lcosﬁ M ‘[aln6?+Z
. 6 2 6 2

cos ¢sin @ +sin g cos - cos¢gtan @ +sin ¢

1b

For 7:62.4f—3, ¢=5ft, w=10ft, and W =2001b,
t
b 2
62.4— |(5ft)"(10ft
) A I
o 6 aoFETS 2600 tan 6+100 3)
B cos ¢ tan @+ sin ¢ cos¢@tan @ +sin ¢
_L

Since sing = Lsin@ and /=5ft, L=12ft

. 5 .
sing =—sin@
¢ 12
and for a givend, ¢ can be determined. Thus, Eq.(3)
can be used to determine Fj for a given 6.

(b) For W =0, Eq.(3) reduces to

_ 2600tan@
B cos¢tan @ +sin ¢

4

and Eq.(4) can be used to determine F for a given 6. Tabulated data of Fj vs. @ for both
W =2001band W = 0lb are given below.



6, deg F(B), Ib (W=200 Ib) F(B), Ib (W=01b)

90.0 2843 2843
85.0 2745 2736
80.0 2651 2633
75.0 2563 2536
70.0 2480 2445
65.0 2403 2360
60.0 2332 2282
55.0 2269 2210
50.0 2213 2144
45.0 2165 2085
40.0 2125 2032
35.0 2094 1985
30.0 2075 1945
25.0 2069 1911
20.0 2083 1884
15.0 2130 1863
10.0 2250 1847
5.0 2646 1838
2.0 3858 1836

0 lI_ _JI_ I __. L _‘_ N I—
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Theta, deg

As 8 — Othe value of Fj can be determined from Eq.(4),

_ 2600tan @
B cos ¢ tan @ +sin ¢

Since
) 5 .
sing=—sind
¢ 12

it follows that

[ 2
cos¢:\/1—sin2¢ = 1—(%} sin” 0

and therefore



2600tan @ 2600
FB = =

2 2
1- i sin29tan¢9+isin9 1- i sin29+icos9
12 12 12 12

Thus, as 8 — 0

26050 =18401b

1+ —
12

Fp—

Physically this result means that for & = 0, the value of Fj is indeterminate, but for any "very

small" value of 8, F will approach 18401b.



Problem 2.106
An open tank has a vertical partition and on one side contains gasoline with a density

p=T700kg/ m> at a depth of 4 m, as shown in the figure below. A rectangular gate that is 4 m
high and 2 m wide and hinged at one end is located in the partition. Water is slowly added to the
empty side of the tank. At what depth, /, will the gate start to open?

_~Partition
Stop o V|
. e = =
AYA— i :
Water h e Gasoline
R

Solution 2.106

Fry =7gheg Ay 5 Where g refers to gasoline.

kg

Frg :[700 Ej(9.81S%j(zm)(mnxzm)

=110x10° N=110kN

Fy,, = vwhowA4,,; where w refers to water.

3

Fg, = (9.80x 10° Ej (%j@mx h) ; where & is depth of water.
m

Fro =(9:80x10° )7

For equilibrium, ZMH =0 > Fp,l,, =Fpel

g
l, =§ ; Kg =§m
(9.80x103)(h2)[§j=(110><103 N)ij
h=3.55m

which is the limiting value for 4.



Problem 2.107

A horizontal 2-m-diameter conduit is half filled with a liquid (SG =1.6) and is capped at both
ends with plane vertical surfaces. The air pressure in the conduit above the liquid surface is

200 kPa . Determine the resultant force of the fluid acting on one of the end caps, and locate this

force relative to the bottom of the conduit.

Solution 2.107

A~ oavea of
€nedl
Faj,
¥ BE m—
il:J"f:r.l'I"E.sl.ﬂ'f_.‘FL = = _u,_gR. T
d liguid
—i- _i
o A,~ aréa ‘
Coveved by Jlﬁm‘d
F,.=pA,  where p is air pressure

F, =(200x103ij(%j(2m)2 —2007x10° N

Fliguia = 7h.4; where 5, = :—R (see the figure below)
/s

Thus,

Fiouid =(1.6)(9.81x103 %jr(lm)}(%j&j(zm)z ~10.5x10° N

m 3

For Fliquid >

g = 1)2 +y,  where I, =0.1098R* (sce the figure below)
Ve

and yC:hC:j—i



g2
A= IR

2
I, =0.1008r*
fc? _ _Id—"" I, =0.3927R*
| }| |_3"T e =0
I R I R | )
Thus,
4
0.1098(1 4(1
(Im) (M) _ 0 sg01m

EC OO

Since  Frequigant = Fair + Fiiguia = (2007 +10.5)x10° N=639kN,

we can sum moments about O to locate resultant to obtain
Fresultant (d) = Fuy (1 m) + F}iquid (1 m-— 0.58911’n)
So that

(2007x10° N)(1m)+(10.5x10° N} (0.4109m)
639x10° N

d:

=0.990 m above bottom of conduit.




Problem 2.108
A 4-ft by 3-ft massless rectangular gate is used to close the end of the water tank shown in the

figure below. A 200-1b weight attached to the arm of the gate at a distance £ from the frictionless
hinge is just sufficient to keep the gate closed when the water depth is 2 ft, that is, when the
water fills the semicircular lower portion of the tank. If the water were deeper, the gate would

open. Determine the distance /.

]

200 Ib FemEmEmEIooe } ft 3 ft
H"“*Water 1 radius _:_l
—a ft—
Solution 2.108
Hry
e 4
Hse
a0 T 2
.'x";z f
L fe i
/ Fr
L4
f= (£t g,
4R
Fr=yh.A where h.= Ey (see the figure below)
Vs
Thus,

4R\ zR*
Fe=riol 37 [TJ

(el 20 28T

To locate Fjy,




xc
=—+
YR ycA Ye

4
__0.1098R" + 4R (see the figure below)

HEe
(0.1098)(2ft)* L A2t

:[4(2ft)]7r(2ft)2 37

=1.178ft

2

RY/4

TR?
Tz

I, =0.1098r"

A

I, =0.3927R*

| : ‘!.’1_\{‘ =0

For equilibrium,

So that Wl =Fp(Ifttyg)
And _(3331b)(1ft+1.178ft) _3638

2001b —



Problem 2.109

A thin 4-ft-wide, right-angle gate with negligible mass is free to pivot about a frictionless hinge
at point O, as shown in the figure below. The horizontal portion of the gate covers a 1-ft-
diameter drain pipe that contains air at atmospheric pressure. Determine the minimum water
depth, /4, at which the gate will pivot to allow water to flow into the pipe.

Width =4 ft_ |

Right-angle gate ~ E= T ==

Hinge

0o}

I
— i le—1 -ft-diameter pips
1

3 f't—a—l

Solution 2.109

For equilibrium,

D> My=0

FRlxgleszfz (1)

Fp = thl 4

~[ 62422 (ﬁj@ftxh):lzshz
ft> )\ 2

For the force on the horizontal portion of the gate (which is balanced by pressure on both sides
except for the area of the pipe)



Fp =7h [%)(1&)2 - (62.41—b3j(h)[%j(lft)2

ft
=49.0h

Thus, from Eq. (1) with /¢, :g and /7, =3ft

(125 hZ)(gj = (49.0)(3ft)

h=1.88ft




Problem 2.110
The closed vessel of the figure below contains water with an air pressure of 10 psi at the water

surface. One side of the vessel contains a spout that is closed by a 6-in.-diameter circular gate
that is hinged along one side as illustrated. The horizontal axis of the hinge is located 10 ft

below the water surface. Determine the minimum torque that must be applied at the hinge to hold
the gate shut. Neglect the weight of the gate and friction at the hinge.

Air
10 ft fmis
- — B-in.-diameter
Water gate
A
4
Solution 2.110
+ s
toft S ?} Ky
4 oxq™ T
c CENE) 4
f _L
F ~
R N
L’. ~

Let F; U force due to air pressure, and F, [ force due to hydrostatic pressure distribution of

water.
Thus,
) 2
K =pm~rA=(101—b2j 1440 (fj[ﬁftj =2831b
in. ft 4 )\12
and

F,=yh.A  where hC:lOfH—l 3 (ﬁ ft |=10.15ft
21\5)\12

So that

Ib 6 .\
F =(62.4—](10.15ft)(—j(—ft) —1241b
3 4 )\ 12



Also,

I, 10ft 1( 6
= + where =—+—| —ft |=16.921t
sz ycA yC yC g 2(12 ]
5
So that

4
)
3 +16.921t=16.921t

YR, = 6
(16.92ft)| = || =i
4 )12
For equilibrium,
> My=0
And
3 10ft
C=F|—ft |+F -
1(12 j 2| VR, 3
5
C=(2831b)(%ﬂj+(1241b) 16.92ft—$ =102ft-1b

5



Problem 2.111

(a) Determine the horizontal hydrostatic force on the 2309-m-long Three Gorges Dam when the
average depth of the water against it is175 m. (b) If all of the 6.4 billion people on Earth were
to push horizontally against the Three Gorges Dam, could they generate enough force to hold it
in place? Support your answer with appropriate calculations.

Solution 2.111

Fp=yhA= (9.80><103 %j(@j(l75mx2309 m)

(a) m
=3.46x10'' N
(b)
: 3.46x10'" N
Required average force per person = —————
6.4%x10
=54.1 N (12.2 b ]
person person

Yes. It is likely that enough force could be generated since required average force per person is
relatively small.



Problem 2.113

A 2-ft-diameter hemispherical plexiglass “bubble” is to be used as a special window on the side
of an above-ground swimming pool. The window is to be bolted onto the vertical wall of the
pool and faces outward, covering a 2-ft-diameter opening in the wall. The center of the opening
is 4 ft below the surface. Determine the horizontal and vertical components of the force of the
water on the hemisphere.

Solution 2.113

ZFX:O,or Fy=Fy=p.A

Thus,

Ib T 2 .
Fy =yh.A= 62.4f—3(4ft)z(2ft) =7841b (to right)

: o0
and Al FBD of water

3
ZFy:O")r by =W:7V:7%%’
E{_. lW iy
i

where R =1ft

Y
Lx FV

Thus,

3
F, = 62.4%{@} =1311b (down on bubble)



Problem 2.114
Consider the curved surface shown in the figure below (a) and (b). The two curved surfaces are
identical. How are the vertical forces on the two surfaces alike? How are they different?

Oil Qil

(a) (b)

Solution 2.114

In both cases the magnitude of the vertical force is the weight of shaded section shown on the
right. In addition, the location of the vertical force is the same (the centroid of the shaded
section.) Therefore:

Alike: magnitude and
location of vertical

forces same.

However, the two vertical forces are different in that the force in (a) is acting upward and the
force in (b) is acting downward. Therefore:

Different: direction of
vertical forces

opposite.




Problem 2.115
The figure below shows a cross section of a submerged tunnel used by automobiles to travel

under a river. Find the magnitude and location of the resultant hydrostatic force on the circular
roof of the tunnel. The tunnel is 4 mi long.

Solution 2.115

Due to symmetry, there is no net horizontal force on the roof. The vertical force is equal to the
weight of fluid above the tunnel. This vertical force acts through the centroid of the fluid

volume. Then for a tunnel length ¢,
F=y¥-= yz(th—%sz

:(62.4%}(4mi)(SZSOiJ[2(20ft)(70ft)—%(ZOft)z}

ft mi

~ F=286x10"1b|.

acts downward

This force through the
point "O".




Problem 2.116

The container shown in the figure below has circular cross sections. Find the vertical force on the
inclined surface. Also find the net vertical force on the bottom, EF. Is the vertical force equal to
the weight of the water in the container?

Water

Solution 2.116

The vertical force on the inclined surface is equal to the weight of the water "above" it.
This "water volume" is

¥ = 'ILcyl ++hole — F~frustrum

¥ = 72'1"02f—7l'1”l~2 (f—h)—%ﬂ'h(}’oz +ri2 +r0ri).

¥=x(2£t) (3ft) -z (11t)° (3-1)fe
—%ﬂ(lft)[@ft)z (1) +(2R)(17) | <2418

The vertical force Fy; is
K= 1", r, = zu, h= 1", f=3".

Fy =y ¥ = (62.4%)(24.1?[3) =| F,; =15001b
t

The pressure is uniform over the bottom EF so

Fyp = pAd=yhd = (62.4%)(7 ft) 7 (2ft)’
t
or
Fyp =54901b This force £y, is not equal
*CRC Standard to the weight of water
Math Tables in the container.




Problem 2.117

The 18-ft-long lightweight gate of the figure below is a quarter circle and is hinged at H .
Determine the horizontal force, P, required to hold the gate in place. Neglect friction at the
hinge and the weight of the gate.

- P
Gate
Solution 2.117
PN
_ £y P
v |
dr 75
1

R Pt Hy

For equilibrium (from free-body-diagram of fluid mass),

> F,=0

So that

Similarly,
Fg=HK=y hc1 4
= (62.4;—%}(%}(6 ft ><18ft) =202001b
D F,=0
So that

Fy =W =y o x(volume of fluid) = (62.4%){%(6 ft)2 x18ft} =318001b
? t

4(6ft
Also, x; = % = Eft (see the figure below)
V4 V4



I_=I_=0.05488R*

I, =-0.01647R*

For equilibrium (from free-body-diagram of gate)
D> My=0

So that

P(6ft)=Fy (1) +Fy (x)

or

(202001b)(2ft)+(318001b)(8ft

T

P= j =202001b

61t




Problem 2.118
The air pressure in the top of the 2-liter pop bottle and

the figure below is40 psi, and the pop depth is 10 in. 1 = P =40 psi
! e Fair =

- 1-in. diameter

The bottom of the bottle has an irregular shape with a —
diameter of 4.3 in. (a) If the bottle cap has a diameter of
1 in. what is the magnitude of the axial force required

12 in.
to hold the cap in place? (b) Determine the force " 10 |

needed to secure the bottom 2 in. of the bottle to its e A.3-in. diameter

cylindrical sides. For this calculation assume the effect
of the weight of the pop is negligible. () By how much ) NS
does the weight of the pop increase the pressure 2 in.

above the bottom? Assume the pop has the same specific weight as that of water.

Solution 2.118

b \(7),. \2
(a) Frop = Dair X Ared,, = (40—2j(zj(lm.) =31.41b

m.

() K,
ZFvertical =0 1 l E 1

Fj4es = 17 = (pressure @ 2 in. above bottom )x(Area)

= (401—1’2j (%J(uin.)z bethom

in.
=5811b
(c)
P=Durt 7/h
ol i) ) L
n. ft 1441117.2
ft
= 401—b2+0.2891—b2
in. n.

Thus, the increase in pressure due to weight=0.289 psi

(which is less that 1% of air pressure).



Problem 2.119
In drilling for oil in the Gulf of Mexico, some divers have to work at a depth of 1300 ft. (a)

Assume that seawater has a constant density of 64 b/t and compute the pressure at this depth.
The divers breathe a mixture of helium and oxygen stored in cylinders, as shown in the figure
below, at a pressure of 3000 psia. (b) Calculate the force, which trends to blow the end cap off,

that the weld must resist while the diver is using the cylinder at 1300 ft. (c) After emptying a
tank, a diver releases it. Will the tank rise or fall, and what is its initial acceleration?

8.0in.

diameter
Weld

L/
| L ) |
(*7 30in. % ﬁ
I 1 i L I Spherical

cap

Steel t f

e s L0in.
p =489 Ibm/ft thickness

Solution 2.119

(a) The hydrostatic pressure is

2
t

144in.?

(b) The net horizontal force on the end caps is

Fy=F,—Fo = pinAin _poutAout

and
F F

7 = wall stress=—2— = N
wall Aout - Ain

2 2
— pinAin _poutAout — pinDin _poutDout
Aout - Ain Dgut - D, i%l
(3000;2](&11.)2 ~(14.7 —578)i111b2(8in.)2

(8in.)> - (6in.)*
and

(©) The net vertical force on an empty tank and Newton's second law give



+7 Foot :FBuoy —W=ma

or

a:FBuoy_W:FBuoy_g

m m

where m is the mass of the tank. Now

% 2 % 3
FBuoy = 7sw% =Vsw |:(Zj€Dout +(E)Dout i|

where ¢ =30in.—61in.=241in. Also

M= Psteel {(%jg(l)outz _Din2)+(%](Dout3 _l)in3 ):| :

Substituting into the equation for a gives

1 2, 1 3
}/sw|:4€Dout +gDout :|

1 2 2\, 1 3 AN
psteel|:4€(Dout _Di )+E(Dout _Di ):|

The numerical values give

(64“3}[1(24)82 < (8 )} in? [32.2 ft'lbrr;j
_\ ftP )14 6 Ib-sec” ) 35, ft

(489“’?){3‘(24)(82_62%;(83_63)}11_3 sec?

ft

or

ft

a=-231—=
sec’

tank will fall

since a < 0.




Problem 2.120

Hoover Dam is the highest arch-gravity type of dam in the United States. A cross section of the
dam is shown in the figure below (a). The walls of the canyon in which the dam is located are
sloped, and just upstream of the dam the vertical plane shown in the figure below (b)
approximately represents the cross section of the water acting on the dam. Use this vertical cross
section to estimate the resultant horizontal force of the water on the dam, and show where this
force acts.

ft
~f I

- =

715 ft.

Solution 2.120

45 ft
— 880 ft ‘Ji

Break area into 3 parts as shown.

For area 1:

Fp =vh 4 = 6241‘b ! 7151t ! 2951t) (7151t

R =VN.A = ft_3 3( )5( t)( )
=1.57x10°Ib

Forarea 3: Fp =Fp =1.57x10° Ib

For area 2:



F = yh Ay = (62.4%}[%](715ft)(290ft)(715ft)
: t
=4.63x10° Ib
Thus,

Fy=Fp +Fp +Fg =1.57x10"1b+4.63x10” 1b+1.57x10° Ib
=7.77x10° Ib

Since the moment of the resultant force about the base of the dam must be equal to the moments
dueto Fy , Fy ,and Fy , it follows that

Fyxd=Fy (%)(715ft)+FR2 [%](715&)+FR3 @](ﬂsft)

and

(1.57x10° 1b)(§j(715ft)+(4.63x109 lb)(;)(715ft)+(1.57x109 1b)(§j(715ft)

7.77%x10° Ib

d=
=406 ft

Thus, the resultant horizontal force on the dam is 7.77x10° Ib acting 406 ft up from the base of

the dam along the axis of symmetry of the area.



Problem 2.121
A plug in the bottom of a pressurized tank is conical in shape, as shown in the figure below. The

air pressure is40 kPa , and the liquid in the tank has a specific weight of 27 kN / m?. Determine
the magnitude, direction, and line of action of the force exerted on the curved surface of the cone
within the tank due to the 40 —kPa pressure and the liquid.

A1 40 kPa
2

Air
Liquid
am
f_
Im
! &7

Solution 2.121

o —

tan30° =

— o
$

d

|
i
|
d=2tan30°=1.155m |
I
) |
_T |

volume of cone ——(—j (1)
312 |

Al — =

For equilibrium,

z Fertical =0

So that

F,=prA+a,

where F, is the force the cone exerts of the fluid.

Also,



P A= (40kPa)(%j(d2)

— (40kPa)| Z |(1.155m)* = 41.9kN
4

And
o favon gl

- [271(—1\3]J(7z)(1.155m)2 Gm) =75.4kN

m

Thus,

F,=419kN+754kN=117kN

And the force on the cone has a magnitude of 117kN and is directed vertically downward along

the cone axis.



Problem 2.122

The homogeneous gate shown in the figure below consists of one quarter of a circular cylinder
and is used to maintain a water depth of4 m. That is, when the water depth exceeds4 m, the

gate opens slightly and lets the water flow under it. Determine the weight of the gate per meter of
length.

Pivot

Solution 2.122

gate /

W;d]‘}; </ m

"": ,&. li"

Consider the free body diagram of the gate and a portion of the water as shown.
ZM ,=0,0r

(1) £2W+£1VI/1_FH£3—FV€4=0,Where

N
2)  Fy=yhA= 9.8x103¥(3.5m)(1m)(1m) =34.3kN

since for the vertical side, 7, =4m—-0.5m =3.5m

Also,

N
(3)  Fy =yh.A=9.8x10 E(4m)(1m)(1m) =39.2kN



Also,

3

@ W=y(1m)’ —7[5(1111)2}(1111) =9.8x103£{1—£}m3 = 2.10kN
4 m | 4

%) Now, /4, =0.5m and

1 3
6 5 =0.5m+ =0.5 L =0.5 E(lm)(lm) =0.524
(6) 3=0.5m+(yg —y.)=0. m+yCA_ . m+3.5m(1m)(1m)_ .524m
4(1
) andﬁzzlm—ﬂzl—ﬂzo.S%m
3z 3z

To determine /;, consider a unit square that consist of a quarter circle and the remainder as show

in the figure. The centroids of areas (1) and (2) are as indicated.

/

0.5
@ cz- 1(“ !
. l }.
3r c;
D~ 4
et

Oag*f;

Thus,

4
05— |4, =(0.5-7¢,)4
(05-:E )= (05-11)4

So that with 4, =%(1)2 =% and 4 =l—% this gives

(o.s-%}% - (0.5—€1)(1—%]

or
®)  £,=0.223m

Hence, by combining Eqs.(1) through (8):

(0.576m) W +(0.223m)(2.10kN) —(34.3kN)(0.524m) —(39.2kN)(0.5m) = 0

or

W =64.4kN




Problem 2.123

The concrete (specific weight =150 1b/ fi> ) seawall of the figure below has a curved surface and
restrains seawater at a depth of 24 ft . The trace of the surface is a parabola as illustrated.
Determine the moment of the fluid force (per unit length) with respect to an axis through the toe
(point A).

N _S
Seawater
l .
24 ft
e
y Y W .

N -1 e )

P AT A T, X

15 ft

The components of the fluid force acting on the wall are /; and W as shown on the figure where

Ib \( 24ft

=184001b
and
241t
yl = T = 8 ft
Also,
W =y¥

To determine 4 find area BCD.



—3 fe dX

. LD
“T“
24~y

i

- —

—x =

Xo = fl2e

( Note: All lengths 1n £2)

s
=

%)
-=
OO NS

Thus,

A=["(24-y)d=["(24-02¢7) dx

3%
:[24x_0.2x }
3

0

And with x, =120, 4=175ft* so that

o= Ax1ft =175

Thus,

W= (64.01—b3J(175ft3) ~112001b
fi

To locate centroid of A:

x A= J.(:ox dA = L?(M—y)x dx = 150(24)6_0_2)63) dr=12x2 0.2x,

and

4
lz(m)z_o.z(Jﬁ)
X, = = 4 _4llft




My =Ey -W(15-x)
— (184001b) (8 £t)— (112001b) (15 ft —4.111t)
=252001t-1b



Problem 2.124
A step-in viewing window having the shape of a half-cylinder is built into the side of a large

aquarium. See the figure below. Find the magnitude, direction, and location of the net horizontal
forces on the viewing window.

™ Steps up to
window

Solution 2.124

Due to symmetry, the net force parallel to the wall is zero or

F,=0

z

The net horizontal force perpendicular to the wall is

F,=yh.A= (64%}(25+5)ft(10ftx10ft)
t

F.=1.92x10°Ib

The vertical location of F is

1.3
bh 2 2
101t
Ve v, bh 12y, 12(30ft)

The net horizontal force also acts through the coordinate

z=0 and acts in

an outward direction.




Problem 2.125

A step-in viewing window having the shape of a half-cylinder is built into the side of a large
aquarium. See the figure below. Find the magnitude, direction, and location of the net horizontal
forces on the viewing window. Find the magnitude, direction, and location of the net vertical
force acting on the viewing window.

™~ Steps up to
window

Solution 2.125

The net vertical force must equal the weight of fluid inside the viewing window. Then

F, =251001b,
F,=y¥ = 7;,(&32} - (64%)(101“@[1)(5&)2 or| ”
2 ft 2 acting upword.

This net vertical force acts through the centroid of the window volume. Using Appendix B gives

o 2

4R _4(5ft)
3z 3x

X =



Problem 2.126

A 10-m-long log is stuck against a dam, as shown in the figure below. Find the magnitudes and
locations of both the horizontal force and the vertical force of the water on the log in terms of the
diameter D . The center of the log is at the same elevation as the top of the dam.

Solution 2.126

Consider the water forces on the log as shown on the right.

The horizontal forces F}; is on the top portion only and is

e 2)2)

where / is the log length. Assuming 10°C water, Table A.5 gives

Fy = (1000%)(9.81%)(025 m)(0.5m)(10m) =

m S

The location of F}; is

2(D 2(0.5
2| = ]=2 = m|=[0.167m =
p 3(2] 3(2 j i

The vertical force Fj, is the weight of water "above» the bottom of the log minus the weight of

water above the top half of the log. This is

2 2 2 3
FV:yf ﬂ+(2jD_ D__ﬂ :£(3_ﬂ-+1j
g 2 4 16 4 \ 4
1000 € 1[9.81™ |(10m)(1.0m)’
m’ 52 [37T j
= T'Fl

4
F, =82300N

The location X of £}, is found by first locating the centroid of area 4; by



_ A X — 4%

X
1 4
Using Table B %2
2 2 %
DY (D) _|#zD" (D 2D i | -
o \2) 4 16 \2 3z T/ gy
xl = D 2 D2 l
el L z "
2 16
D
1_”(1_2j
_|16 16\2 3=« D
L
4 16 Yy
=0.112D
and is the location of Fj,. The location of r
v
D | ol
Fy» i1s —. The location of Fj, is +
Fy, (g)—Fm(o.nzD)
X =
Fy, f
J
2 2 2 2
L 0 N A (R i
B 2 L2 4 16
zD* D* |D* zD?
B 2 | 4 16 F,, =weight of water "above"
1(” lj_o llz(lj(l_”j bottom portion of log.
_ 4 4 D
B I(z e 1 T Fy,, =weight of water above top left
4 4 4 .
portion of log.



Problem 2.127
Find the net horizontal force on the 4.0-m-long log shown in the figure below.

Solution 2.127

The force F; on the left side of the log is the horizontal force on the

horizontally projected area of the log. This horizontally

projected area measures D =1.0m by 4.0m and gives

FL = pghcA

=(10001‘—%)(9.81%)(0.5m)(1.omx4.om)(11j‘52 J

m S g-m

=19600 N =19.6 kN

The force Fj on the right side of the log is the horizontal force on the horizontally projected
area of the lower half of the log. This horizontally projected area measures % =0.5m by 4.0 m

and gives

2
Fg = pgh.A :(1000%)(9.81%)(0.25m)(O.Smx4.0m)[ NS ]

m S kg-m

=4910N=491kN

The net horizontal force is

F=F, —Fp =19.6kN—-4.91kN

F =14.7kN, acting to right.




Problem 2.128
An open tank containing water has a bulge in its vertical side that is semicircular in shape as

shown in the figure below. Determine the horizontal and vertical components of the force that
the water exerts on the bulge. Base your analysis on a 1-ft length of the bulge.

Solution 2.128

Fy; U horizontal force of wall on fluid

Fy, U vertical force of wall on fluid

W =710V
2
= (62.4£] LCLM Y
fit? 2
—8821b

F=yh.A= (62.4%)(6ft+3ft)(6ftxlft)

=33701b
For equilibrium,

F, =W =8821b T

and  Fy = F, =33701b <



The force the water exerts on the bulge is equal to, but opposite in direction to F}, and Fy
above. Thus,

(Fy),,; =33701b—

(Fy),,; =882Ib Y




Problem 2.129

A closed tank is filled with water and has a 4-ft-diameter hemispherical dome as shown in the
figure below. A U-tube manometer is connected to the tank. Determine the vertical force of the
water on the dome if the differential manometer reading is 7 ft and the air pressure at the upper

end of the manometer is 12.6 psi.

_ —4-ft diameter

20_psi
& £ K
— | ) 5ft

2 ft
Water

Solution 2.129

R
[
f2a

For equilibrium,

ZFvertical =0

So that

Fp=pd-W Eq. (1)

Where F}, is the force the dome exerts on the fluid and p is the water pressure at the base of the

dome.

From the manometer,

P4 +7g/'(7ﬂ)—7f120(4ft)=]9

So that
b in.2 b b
p= 12.6—] 144 —— |+(3.0 (62.4—] 7t —[62.4—] 41t
( in.2 ft? (3.0) ft> (7#) ft> (41)
_ 28802

ft2



Thus, from Eq.(1) with volume of sphere = %(diameter)3

Fp = (28801—2j(%J(4ft)2 —%{%(4&)3}(62.4&)

ft ft3
=351001b

The force that the vertical force that the water exerts on the dome is 351001b T.



Problem 2.130

A 3-m-diameter open cylindrical tank contains water and has a hemispherical bottom as shown
in the figure below. Determine the magnitude, line of action, and direction of the force of the
water on the curved bottom.

‘Water

Solution 2.130
Force = weight of water supported by hemispherical bottom

=710 [(Volume of cylinder ) —(volume of hemisphere)]
kN| = 2 V2 3

=485kN

The force is directed vertically downward, and due to symmetry it acts on the hemisphere along
the vertical axis of the cylinder.




Problem 2.131

Three gates of negligible weight are used to hold back water in a channel of width b as shown in
the figure below. The force of the gate against the block for gate () is R. Determine (in terms of
R) the force against the blocks for the other two gates.

—_— Jro) A VA
'—T'r‘ . A= =
Hinge
h h
\ Bm\ci
[ . [
(a) (k) (c)

Solution 2.131

For case (b)

h h?b
Fp=yh.A= }/(Ej(hxb) :77

and

YrR=73h [

—> gate
Thus, Fa =p widh = b
> My =0

So that

e 5]

vh’b
3

R=

(M

For case (a) on free-body-diagram shown 4h2 (see the figure below)




Fp = b (from above) and

(hjz

| — _ aR?
2)_(p) A=ty
I.=0.1098R*

L. =0.3927R*
_zyh®h C;? * [ 4& |
- ar

!.1}‘6' =0

Thus,

> My =0

So that

2 6rx 3

and

2 2
s (h_4h), pP(2,)
16 (2 o6rx 2 3

It follows that

Fy = yh*b(0.390)

From Eq.(1) }/hzb =3R, thus
Fg=LI17R

For case (c), for the free-body-diagram shown, the force F’ % on the curved section passes

through the hinge and therefore does not contribute to the moment around /. On bottom part of
gate

30 \( h 3,
Fo =yh A=y 22| Zxb |=2 vk
®, =7h yb)(yj 57

and




1, (hY
I, u(b)(zj 3h
+y, = +—

yRZZ Ye
)
4 )\ 2

Thus,
> My =0
So that

28

Fr | —h|=Fgh
aEOR

or

3,28 7 .,
B (8}/ j{%j 247

From Eq.(1) yhzb =3R, thus

Fg= %R = 0.875R




Problem 2.133

An iceberg (specific gravity 0.917) floats in the ocean (specific gravity 1.025). What percent of
the volume of the iceberg is under water?

Solution 2.133

For equilibrium,

W = weight of iceberg = F = buoyant force

or

FiceVice = F-sub¥ pcean » Where F-sup = volume of ice submerged .
Thus,

Fob _ Viee _ SGie _ 0917
Fice Yocean SG 1.025

ocean

=0.895=89.5%




Problem 2.134
A floating 40-in.- thick piece of ice sinks 1 in. with a 500-1b polar bear in the center of the ice.
What is the area of the ice in the plane of the water level? For seawater, S =1.03.

Solution 2.134

Without the polar bear on the ice, the submerged depth d of the ice is found by equating the
weight of the ice and the buoyant force. Denoting the pure water specific weight by » and the

ice area by A4 gives

Fg =W, aree A

or r 4 1
/3 | ¢ |

Wi = ySAd . t

The ice sinks an additional depth d" with the bear in the center of the ice. Equating the new
buoyant force to the weight of the ice plus bear gives

Fp= +Woear »

ice
ySA(d+d") = ySAd + Wy, ,

or

A== m T or A=93.41
4 62.4— (1.03)(ft]
3 12

ft



Problem 2.135
A spherical balloon filled with helium at 40°F and 20 psia has a 25— ft diameter. What load

can it support in atmospheric air at 40°F and 14.696 psia ? Neglect the balloon’s weight.

Solution 2.135

For static equilibrium, the buoyant force must equal the load. Neglecting the weight of the
balloon and assuming air and helium to be ideal gases, the load is

L= FB = (7air _yHe)_IL = (pair _pHe)g'IL
RO
R air R He T 3
Using Table A.4, the numerical values give

Ib Ib ft 4
14.696x144)— 20x144 322—+ 12.51t
( x144) ( )ft ( seczj( 3 j( )

2
L=
(53'35 j [386 ft-1b j (SOOOR)(32.2ﬂ.n;mj
Ibm- ° Ibm-°R Ib-sec

or



Problem 2.136

A river barge, whose cross section is approximately rectangular, carries a load of grain. The
barge is 28 ft wide and 90 ft long. When unloaded, its draft (depth of submergence) is 5 ft and
with the load of grain the draft is 7 ft. Determine: (a) the unloaded weight of the barge, and (b)

the weight of the grain.

Solution 2.136

(a) For equilibrium,

z Berticat =0
So that
Wy, = Fg = 7y 0 * (submerged volume)
= (62.4;%) (5ftx281ftx90ft)

=7860001b

(b) Z Fvertical =0

Wy +Wy =Fp = yy o % (submerged volume)

b
W, = (62.4§)(7 ft x28ftx 90ft) —786,0001b

=3150001b

-
= R R
| 51
Te

e

WL"’ HCr‘ﬁhi 51( bmﬁe?e_.
{uﬂhadar_l)

wb‘!'w%
_—|- - =-- j“__l
s
il
2

Wa"' we[ght of- 3Ml'n



Problem 2.137

A barge is 40 ft wide by 120 ft long. The weight of the barge and its cargo is denoted by W .

When in salt-free riverwater, it floats 0.25 ft deeper than when in seawater (7 =64 Ib/ft? ) Find

the weight W .

Solution 2.137

In both cases, the weight W must equal the weight of the displaced water or

=yswAd

Soling for d gives

or
Ib
(0.25ft)(62.43j
=020 rsrw _ ﬁtb ~9.751t .
Ysw =VsEw  (64.0-62.4)-~
ft
Then

Ib
W =ysyAd = (64.0Ej(40x 120) £t (9.75ft)

W =3.00x10° 1b(wj,

20001b

or

W =1500 short tons.|

j

I

d'+0.25’}
\Jsr W A A-J
Salt-free water
d |
z/sw Sea water



Problem 2.138

When the Tucurui Dam was constructed in northern Brazil, the lake that was created covered a
large forest of valuable hardwood trees. It was found that even after 15 years underwater the
trees were perfectly preserved and underwater logging was started. During the logging process a
tree is selected, trimmed, and anchored with ropes to prevent it from shooting to the surface like
a missile when cut. Assume that a typical large tree can be approximated as a truncated cone
with a base diameter of 8ft, a top diameter of 2 ft, and a height of 100 ft . Determine the

resultant vertical force that the ropes must resist when the completely submerged tree is cut. The
specific gravity of the wood is approximately 0.6 .

Solution 2.138

W 1] weight
Fp U buoyant force

T [ tension in ropes

For equilibrium,

Z Fverlical =0
So that
T=Fy—W (1)

For a truncated cone,
h
Volume = ?(,,12 + Ky + },22)

where: 71 = base radius
r, = top radius
h = height
Thus,
Foiree =w[(4ft)z F(aman)+(10)?]

= 22001t



For buoyant force,
Ib ;
Fy =710 x Free = (62.4¥)(2200 fit ): 1370001b

For weight,

W = 7,0 X Firee = (0.6)(62.4%](2200 ft*) = 824001

From Eq.(1)

T =1370001b —824001b = 546001b




Problem 2.140

An inverted test tube partially filled with air floats in a plastic water-filled soft drink bottle as
shown in the figure below. The amount of air in the tube has been adjusted so that it just floats.
The bottle cap is securely fastened. A slight squeezing of the plastic bottle will cause the test
tube to sink to the bottom of the bottle. Explain this phenomenon.

/’[ ‘}\.f = Air

Test tube —__|
|

Water—"

=—Plastic bottle

Solution 2.140

B f},-

N

V/ l,v'_ ///4 1:-.
od!:j?f;rd / RENE

.
-4 1
L -~ 0 = atty

Where the test tube is floating the weight of the tube, W , is balanced by the buoyant force, Fj,
as shown in the figure. The buoyant force is due to the displaced volume of water as shown. This
displaced volume is due to the air pressure, p , trapped in the tube where p = p, + 7 oh. When
the bottle is squeezed, the air pressure in the bottle, p,, is increased slightly and this in turn
increases p , the pressure compressing the air in the test tube. Thus, the displaced volume is
decreased with a subsequent decrease in F . Since W is constant, a decrease in Fp will cause
the test tube to sink.



Problem 2.141
A child’s balloon is a sphere 1 ft. in diameter. The balloon is filled with helium

(p=0.014 Ibm/ft? ). The balloon material weighs 0.008 Ibf/ft? of surface area. If the child

releases the balloon, how high will it rise in the Standard Atmosphere. (Neglect expansion of the
balloon as it rises.)

Solution 2.141

A force balance in the vertical direction for the balloon gives

ﬁﬁ- 7 b/
’ - +TZFZ=O=pa[rg—IL—pHeg—IL—wA
7
4 l for the balloon at rest at its highest elevation. Then
_ pHeg'IL'i' wA
St J ¥+ A Pair g
w(zD?
S = u//rar)éﬂ.&?fel :pHe+W_A:pHe+(—3)
A surface area g nD
6
] N 6[0.008“2)(32.2 ft'lbn;j
= pr + 22 20,014 fgn+ ft - Ib-sec
t
(32.22j(1.0 ft)
sec
- 0.062“’—?.
ft

Interpolating Table A.2 for the Standard Atmosphere,

z = elevation=5000 ft + 5000 ft (

0.06590—-0.062
0.06590—-0.05648



Problem 2.142

A 1-ft-diameter, 2-ft-long cylinder floats in an open tank containing a liquid having a specific
weight y. A U-tube manometer is connected to the tank as shown in the figure below. When the
pressure in pipe 4 is 0.1 psi below atmospheric pressure, the various fluid levels are as shown.
Determine the weight of the cylinder. Note that the top of the cylinder is flush with the fluid
surface.

py=—0.1 psi

— Water

Cylinder —— Gage fluid 5G = 1.5

SD. W‘E. :T

Solution 2.142

From a free-body-diagram of the cylinder

ZF vertical — 0 l%

So that
W=F —y(”)(lft)z(2ft)
—Fy=y| % |
4
1 1:
_ M Fa
2

A manometer equation gives,

7 (3:51)=(SG) (7,0 )(25f) 1.0 (1) = p,

So that
b Ib b in.
3.5t)—(1.5)] 62.4— |(2.5ft)—| 62.4— |(1ft) =] —0.1— || 144 ——
7(3:58)~( )[ ftsj( ) ( ft3j( ) ( in.zj( ftZJ
and
7:80.61—2

ft



Thus, from Eq.(1)

W= (zft3)(80.61—b3j ~1271b
2 ft =



Problem 2.143

A not-too-honest citizen is thinking of making bogus gold bars by first making a hollow iridium
(S =22.5) ingot and plating it with a thin layer of gold (S =19.3) of negligible weight and
volume. The bogus bar is to have a mass of 100Ibm. What must be the volumes of the bogus bar
and of the air space inside the iridium so that an inspector would conclude it was real gold after
weighing it in air and water to determine its density? Could lead (S =1 1.35) or platinum

(S =21.45) be used instead of iridium? Would either be a good idea?

Solution 2.143

S, =22.5 (iridium)
Sg =19.3(gold)
F-pp =Fx +F-us
mpp =m, =1001bm

Neglect the weight of air in the air space and the buoyant force of air on the bar. The volume of a
pure gold bar would be

W,
Fop=—%E .

VG

The bogus bar must have the same volume and weight as the pure gold bar so it will weigh like a
solid gold bar in water. The volume condition gives

¥-6B =¥ =F-us+V,.

Since W5 =W,

Foas +¥x=Fcs =@=%, Fus +Fx = e ,
VG VG Y6
or
¥ 45 = F« (ﬁ— ]ZJLx [S_x_lj'
e S¢
The numerical value of the iridium volume is
T — R YT S

Voo Tx (22.5><62.4f1t;j
t



The air space volume is

JLAS=0.0712ft3(f§—'§—1j or |45 =0.01181.

The bogus bar volume is

Vpp =45 +# =(0.0118+0.0712)ft> or |[H# 5 =0.0830ft.

Also,

lead will not work since

it is less dense that gold

And

platinum will work since it is

more dense than gold but would

only be used by a not-too-bright
citizen as platinum is more expensive
than gold.




Problem 2.144
A solid cylindrical pine (S = 0.50) spar buoy has a cylindrical lead (S = 11.3) weight attached,

as shown in the figure below. Determine the equilibrium position of the spar buoy in seawater
(i.e., find d ). Is this spar buoy stable or unstable? For seawater, S = 1.03.

N 16 (

d
Lead 0.5 \
'

Solution 2.144

The equilibrium position is found by equating the buoyant force and the body weight (see the
sketch below).

7SWdA = 7[€[A + }/p(pA
or

LTty Sty
}/SW SSW

113(0.56)+0.50(161t)
E

Since d <13.8ft (the total length of the spar buoy), the spar buoy floats. We now have to check
the stability of the buoy.

I= %(radius)4 :%(m)“ —0.7854ft*,

¢ . = distance from bottom of buoy to center of gravity of buoy



_ gcé% +€chcp
¢ W, +W,

(%J(HAQH(Q +€2p](7pA£p)

yeAl, +y AL,

7 Ly
Sm(z]wpfp (€g+2j

Syl +S,L,

, _11.3(0.5)(025)+0.5(16)(0.5+8)
< 11.3(0.5)+0.5(16)

(. =5.091t,

=6.651t,

d _133ft
2 2

n=1, —%:5.09ft—6.65ft ——1.56ft,
¥ = Ad = 2 (1ft)* (13.31t) = 41.8ft°,

I 07854

¥ 4181

Since m >0, the buoy is

(-1.561t) =1.581t.

T~ -*Aﬂ.?__..
7
Zep
Ze J: -
bzl




Problem 2.145
When a hydrometer (see the figure below) having a stem diameter of 0.30in. is placed in water,

the stem protrudes 3.15in. above the water surface. If the water is replaced with a liquid having

a specific gravity of 1.10, how much of the stem would protrude above the liquid surface? The
hydrometer weighs 0.0421b .

= Fluid
Hydrometer —= surface

Solution 2.145

When the hydrometer is floating its weight, ¥, is balanced by the buoyant force, F5 . For

equilibrium,

N
ZFvertical =0 :
Thus, for water : I o SR
Fp=W HRET &
(7/H20)¥1'=W () T F;;
Where 44 is the submerged volume. With the new liquid

(SG) (0 )¥r=W (2) o J, w
Combining Egs.(1) and (2) with 7 constant l
(7}120)‘Vr = (SG)(ﬂ’HZo)‘VT

And



T
Y=oz O

From Eq.(1)

W 0.0421b

THo 240

ft3

= 6.73x107*

So that from Eq.(3)

6.73x1074£t3
1.10

¥y = =6.12x107*ft

Thus,
Fr ¥ =(6.73-6.12)x10*ft> = 0.61x107* ft°

To obtain this difference the change in length, A/, is

.3
T . \2 . 4 03 1mn.
(ﬂ(o.soln,) Ar=(0.61x107* )[1728—ﬂ3]

Al =1.491n.

With the new liquid the stem would protrude

3.15in.+1.491in. = 4.641in. above the surface.




Problem 2.146
A 2-ft-thick block constructed of wood (SG = 0.6) is submerged in oil (SG = 0.8) and has a 2-

ft-thick aluminum (specific weight =1681b/ ft> ) plate attached to the bottom as indicated in the

figure below. Determine completely the force required to hold the block in the position shown.
Locate the force with respect to point 4.

b ft il
T Aluminum
0.5 ft r"x

[
Solution 2.146
For equilibrium, F lof2

3
szertical =0
So that ___1
F:WW_FBW+Wa_FBa *_'g'—’TF fF’Ba.
— 5 £+ -,.f
where:
L ~ weood

Wy = (SGW)(?/HZO)'I% o ~ aluminum

1b l FN 'porce +ﬁ halt‘ L‘lpf_k
=(0.6)£62.4f—3j(5J(10ft><4ft><2ft):15001b
t

w, =(168fl—b;](0.5ﬂx10ftx2ft) =16801b
t

Fpy = (SGoi)(711.0) ¥ = (0.8)[62.4%](%)(10& x 4ftx 2ft) =20001b

Fao =(8G,) (7m0 ) ¥ = (O.8)(62.4%)(0.5ﬂ><10ft><2ft) =4991b



Thus,

F =15001b—-20001b+16801b-4991b = 681 Ib upward

Also,

> M, =0

So that

oF :(%ftj(Ww _Fp )+ (SR)(, — Fy,)

or

¢(6811b) = (?ftj(lsomb—zoombﬁ(s ft)(16801b—4991b)

and

0 =6.22ft to right of point A




Problem 2.147
How much extra water does a 147 —Ib concrete canoe displace compared to an ultralightweight
38 —1b Kevlar canoe of the same size carrying the same load?

Solution 2.147

W
w

=

For equilibrium,

Z Fvertical =0
and

W =Fp =yy o+ and ¥ is displaced volume.

For concrete canoe,
C

1471b :[62.4;%)%
t

¥-=2361

For Kevlar canoe,

Ib
381b = (62.4ﬁ—3j4%
¥ =0.6091t>

Extra water displacement =2.36 ft> —0.609 ft>
=1.751°




Problem 2 .148
A submarine is modeled as a cylinder with a length of 300 ft, a diameter of 50 ft, and a

conning tower as shown in the figure below. The submarine can dive a distance of 50 ft from
the floating position in about 30 sec. Diving is accomplished by taking water into the ballast
tank so the submarine will sink. When the submarine reaches the desired depth, some of the
water in the ballast tank is discharged leaving the submarine in “neutral buoyancy” (i.e., it will
neither rise nor sink). For the conditions illustrated, find (a) the weight of the submarine and (b)
the volume (or mass) of the water that must be in the ballast tank when the submarine is in

neutral buoyancy. For seawater, S = 1.03.

3% of cylinder 7% of cylinder volume
volume

Puater = 64 1bmiit®
Ballast tank
Water
Partially
submerged lﬁ;a”‘]lg[ od
position merg
position

Solution 2.148

(a) Denoting the cylinder radius by R, the submarine weight is equal to the buoyant force so
W=F B= 74Lsubmerged

= y(7R¢)(1.03)

when the submarine is in the partially submerged position. The numerical values give

W= (64%]%(25 ft)* (300ft)(1.03) or |W =3.88x10"Ib
t

(b) For neutral buoyancy at the lower depth, the submarine weight # plus the ballast weight
Wy must equal the buoyant force so
W+ Wy = Fp =y (xR>¢)(1.10)
or
Wy =7(7R*)(1.10)- .

The ballast volume +p = % SO

v



7
15 = (2R)(110)- L = 2 (250 (3008 (1.10) - 2300

7 o)
ft

¥ 5 = 417001




Problem 2.150
When an automobile brakes, the fuel gage indicates a fuller tank than when the automobile is

traveling at a constant speed on a level road. Is the sensor for the fuel gage located near the front
or rear of the fuel tank? Assume a constant deceleration.

Solution 2.150

= —
N N

. decelerating
accelerating .
automobile ( e 1ng)

automobile

SO

sensor located
in front of
fuel tank.




Problem 2.151

An open container of oil rests on the flatbed of a truck that is traveling along a horizontal road at
55 mi/hr. As the truck slows uniformly to a complete stop in5 s, what will be the slope of the
oil surface during the period of constant deceleration?

Solution 2.151

a
slope=£=— 4
dy  g+a,

_ final velocity - initial velocity

a
Y time interval
m
0—(55mph)| 0.4470—5—
(55mph) mph
= =490
5s 52
Thus,
. (—4.92“;‘)
“Z__ N S 050

v 981040
S



Problem 2.152
A 5-gal, cylindrical open container with a bottom area of 120 in2 is filled with glycerin and rests

on the floor of an elevator. (a) Determine the fluid pressure at the bottom of the container when

the elevator has an upward acceleration of 3 ft/ s2. (b) What resultant force does the container

exert on the floor of the elevator during this acceleration? The weight of the container is

negligible. (Note: 1 gal = 231in3 )

Solution 2.152

= F

£ |4

A2 LU
K avea = A
hA = volume
h (120in.2) =(5 gal)(B;;l'} ]
h=9.631n.
() g—i=—p(g+az)
Thus,

.[()pbdp =—p(g+aZ)J:dz
and

py=p(g+a,)h
MPPYLL -} (PR R (—9‘63 ftj
ft? 2 2\ 12

= 68.91—b2
ft

(b)



&
From free-body-diagram of container,

2
_ (68.91—]32](120in.2) 1t >
fi 144in.

=57.41b

Thus, force of container on floor is 57.41b downward .




Problem 2.153

A plastic glass has a square cross section measuring 2% in. on a side and is filled to within

% in. of the top with water. The glass is placed in a level spot in a car with two opposite sides
parallel to the direction of travel. How fast can the driver of the car accelerate along a level road
without spilling any of the water?

Solution 2.153

Slope of water surface 2.5
acar r- _.1 __i. S %
- Zear 2
g )

o weFer

Aear = _g(SIOPe)

__[329 ft _1.01'n.
sec2 2.51n. L S ~—— -
or
z
ft l
a.,, =12.9——-
car Secz x




Problem 2.154
The cylinder in the figure below accelerates to the left at the rate of 9.80 m/s? . Find the tension

in the string connecting at rod of circular cross section to the cylinder. The volume between the
rod and the cylinder is completely filled with water at 10°C.

Styig = 1.0
_ ¥ b
? 10
l String | fod i e

|-— 8.0 cm -|

-y = 9.8 mis?

Solution 2.154

—

FIND Tension in string. l 7
’ String |
SOLUTION First find the pressure difference in the water over a h—8.0cm—

-— ., =98m/s’

Il Ocm

length ¢ =8.0cm . Since gravity is perpendicular to the rod,
Eq.(2.41) gives

dp - _paxdx Qxx2FCom/s2
————
For the x-direction. Integrating gives &::lﬁ
Pr—P1=—pay (¥ —xp). | L x
- X
For 10°Cwater, Table A.5 gives 2
kg m m N
- p; =—|1000—= || 9.80— |(8.0cm =-784—
P2mh ( mJ[ szj( )[IOOCmJ m?>
We next apply Newton’s second law to the rod
e
+ z F.=ma,, T AA
—_  m
24
T+(p1—p2)A=max, & L—X_E

or

T=(p2 —pl)A+maX.
: o . m
Assuming the string is not elastic, a, g =9.80—.
S

Now



zD?
m= p,Sioqld = p,Sioq [TJK
kg V4 m ’
2 =
=[1000—= {(2.0)] — [(1.0cm )~ (8.0cm =0.0126k
(10002 J20) 2 100m) (s00m) 155 .
and
D? ?
4= -Z(1.0em)’ ~7.854x10° m?.
4 100cm
Then

N - m
T= (—784FJ(7.854x10 i m2)+(0.0126 kg)(9.808—2j

or



Problem 2.155
A closed cylindrical tank that is 8ft in diameter and 24ft long is completely filled with

gasoline. The tank, with its long axis horizontal, is pulled by a truck along a horizontal surface.
Determine the pressure difference between the ends (along the long axis of the tank) when the

truck undergoes an acceleration of 5ft/ s2.

Solution 2.155

S .
a - &£t
el |

op

—=—pa

oy Py

Thus,

Where p=p; at y=0 and p = p, at y=24ft,
and

Pr—p1=—pa, (24 ft)

:—(1.3251ugsj(5%j(24ft)

ft3 S
:—1581—132
ft
or
Ib
b1—p2 =158¥




Problem 2.156

The cart shown in the figure below
measures 10.0 cm long and 6.0 cm high
and has rectangular cross sections. It is
half-filled with water and accelerates
down a 20° incline plane at a =1.0 m/s?.
Find the height /4.

Solution 2.156

Unfortunately, there are 2 x-directions in the problem statement.
Noting that the gravisty vector is in the negative z-direction, change the label on the axis normal
to the z-direction to be “n”. Resolving the acceleration along the plane into n,z components:

a,=-asin@, a,=acos6,0=20°
For rigid-body motion of the fluid in the n,z coordiantes::

dp = —pandn—p(g+az)dz
dp =—-pacosdn—p(g—asin@)dz=0 « along free surface p = p,,,,

Using trignometirc relationships this equation can be converted into X,y coordinates.

dn=dxcosf + dysind
dz =dy cos@ —dxsind

—pacos@dn—p(g—asinf)dz=0
—pacos O [dx cos 6 + dysin@]— p(g —asin0)[dy cos @ —dxsin 6] =0

—(pacos2 G)dx—(pacosesinﬁ)dy—[p(g—asin@)cos@]dy—[p(g—asin@)(—sin@)]dx =0
[—pacos2 6’+p(g—asinﬁ)sinﬁ}dx+[—pacosﬁsinH—p(g—asin@)cosﬁ]dy =0
[—poz(cos2 0 +sin? 9)+pg sin 0}dx+[—pg cos@]dy =0

[—pa+pgsin9]dx—[pgc059]dy =0
[—a+gsin9]dx—[gcos€]dy =0

Integration yields:

(-a+gsin@)x—(gcosd)y=-C

( a sin@]
y=|- + x+C
gcos@ cosf




The constant of integration can be determined by noting that the container is '2-full:

!
Vwater = J.O y dx

, .

=J S +sm(9 x+C ldx
0 gcos@ cosd

2

S DL R LAY

gcos@ 2

C _ vWater a _ tan 0 —
l gcosf
1
_ (10.0 cm)(6.0 cm)/2 . §2 ~ran20° (I0.0cm)
(10.0cm) (9.81“21 c0s 20°
S
=1.723 cm

Solving for the the requested length:

yz(— 4 +tan¢9jx+C
gcosf

h

——————+tan20° |(10cm)+1.723 cm =4.277 cm
(9.81)cos20°

h=4.28 cm




Problem 2.157

The U-tube manometer in the figure below is used to measure the acceleration of the cart on
which it sits. Develop an expression for the acceleration of the cart in terms of the liquid height
h, the liquid density p, the local acceleration of gravity g, and the length /.

Solution 2.157

Writing Newton’s second law in the horizontal direction (x-direction) for the bottom leg of the
manometer gives

ZFX =ma,,

Fatm
pyA—p,.A=plda, -T— —_;/'1
or /7.! j—_“'_l'
b
Pr—D L - —t
£ Fr ¢
a=t a A

Applying the manometer rule to the two legs of the manometer
gives

P¢ = Pam + P8R
and
Py = Pam + P8R
Subtracting gives
pe—p,=pg(hy—h)=pgh

SO

ol







Problem 2.158

A tank has a height of 5.0 cm and a square cross section measuring 5.0 cm on a side. The tank
is one third full of water and is rotated in a horizontal plane with the bottom of the tank 100 cm
from the center of rotation and two opposite sides parallel to the ground. What is the maximum
rotational speed that the tank of water can be rotated with no water coming out of the tank?

Solution 2.158

dp =—pgdz + pa)zr dr

Since dp =0 along the free surface, the free surface

is identified by the equation ‘g h

O:—pgdz+pa)2rdr ct: /l ;
A b
or v \(ru"s)z:

0=—gdz+a)2rdr h+h= 100 cm—e

r~

Integrating gives

0 =—gJ._szZ+a)2J.I:rdr,

O:—g(z+%j+%2(r2 —rlz),

or

=D ()

Recognizing that the volume of water in the rotating tank must equal

% gives . f—-—“—-
o'r



3 2g

] 4bhg

= 3 3 .

The numerical values give

4(50m)(5cm)(9810r2nj
3[(100§m) - (95(;m) -(95 cm)2 (5 cm)]

=(3.68ﬂ) rev (@j or |w=235.1rpm
S 27z rad J\ min

DISCUSSION Note the that when r=#x + 4,
2 2

b o b w
z:—5+£((lfl +h)2 —r12)=—§+£(2r1h+h2).

The numerical values give

2
[3.68md)
S

cm
2(98 1 Szj

=423cm

z=—Cm-+

[2(95 cm)(5cm)+(5 cm)zJ

or the assumption indicated in the above figures that the water does not reach the uppermost side
of the tank is correct.



Problem 2.159
An open 1-m-diameter tank contains water at a depth of 0.7 m when at rest. As the tank is rotated

about its vertical axis the center of the fluid surface is depressed. At what angular velocity will
the bottom of the tank first be exposed? No water is spilled from the tank.

Solution 2.159

Lluid
gwfate
Z
“\_ | | *
% | - ar £
At v

/s

y
<~ R a-‘
Rpn inchal dipth
Equation for surfaces of constant pressure:

2 r2
+ constant

2g

For free surface with =0 at »r =0,

h=

The volume of fluid in rotating tank is given by

2 2 p4

R
Fr= 27rrhdr:—27m Rr3dr:7m)R
.[0

2g 70 4g

Since the initial volume, ¥-= 7rR2hl~ , must equal the final volume,
Hr=to
So that

2 pd
nw”R Z”thi
g

or






Problem 2.160
The U-tube in the figure below rotates at 2.0 rev/sec. Find the absolute pressures at points C and
B if the atmospheric pressure is 14.696 psia . Recall that 70 °F water evaporates at an absolute

pressure of 0.363 psia . Determine the absolute pressures at points C and B if the U-tube rotates

at 2.0 rev/sec.

70°F water |‘_ 2-5'_4

Solution 2.160

Apply the manometer rule to one of the legs to get % oo
PB = Pam PN

Using Table A.6,

|-+

(62.3H’J(nn.) T &

ft>

.3 2
17281L'3
fit

pp =14.696 psia +

pp =14.732 psia|

Section 2.6.2 gives

a—pz,ora)z.

or

Integrating from =0 to =R gives

252
Py, orR _ _po'R
J.pcdp—pa) err or pp—pc= 5

Then



Ibm rev 2 2
6230 | 207V | (25f)
—14.732 psia = ft sec

2 J[144in2)( rev 2[32.2ft-1bm)
ft2 27 rad Ib-sec?

B pcozR2

Pc.=Pp

or

p. =8.10psia

Since p, > 0.33psia.

DISCUSSION Note that if p,. were calculated to be less than 0.363psia , some of the water

would vaporize and p,. would be 0.363psia .



Problem 2.161

A child riding in a car holds a string attached to a floating, helium-filled balloon. As the car
decelerates to a stop, the balloon tilts backwards. As the car makes a right-hand turn, the balloon
tilts to the right. On the other hand, the child tends to be forced forward as the car decelerates
and to the left as the car makes a right-hand turn. Explain these observed effects on the balloon
and child.

Solution 2.161

Fa-W = byo
f — B W= o )’fdht]ﬁg;;b
f» — SER ‘9
fa —— -
constant " S ?;fé-n.n'?n in
pressure lines String

F.r'y, (1 /V"‘QGGE/.:'!‘GI!}GW) &=0 {or
equilibrivm.

A floating balloon attached to a string will align itself so that the string it normal to lines of
constant pressure. Thus, if the car is not accelerating, the lines of p = constant pressure are
horizontal (gravity acts vertically down), and the balloon floats “straight up” (i.e. 8 =0). If
forced to the side (6 = 0), the balloon will return to the vertical (€ = 0) equilibrium position in
which the two forces T and Fz-W line up.

car
® +——decele~

ration

F fq- (2‘) Ba//aﬂﬂ a'/f'?})ed £6 Hhat
string is normal to p=cam¥am‘

f J;ﬂf.‘S

Consider what happens when the car decelerates with an amount a,, <0. As show by the

equation,



a
slope=£=— z

dy  g+a,’

the lines of constant pressure are not horizontal, but have a slope of

d a a
Zo 2 - V50 since a,=0and a, <0.
dy  gta, g

Again, the balloon’s equilibrium position is with the string normal to p = const. lines. That is,
the balloon tilts back as the car stops.

0y = Vi — :\mj Fig. {3)18.7[ }‘ufﬂ bajloon 1ilfs to

2
14 . . .
When the car turns, a, = 3 (the centrifugal acceleration), the lines of p = const. are as shown,

and the balloon tilts to the outside of the curve.



Problem 2.162
A closed, 0.4-m-diameter cylindrical tank is completely filled with oil (SG = 0.9) and rotates

about its vertical longitudinal axis with an angular velocity of40 rad/s. Determine the difference

in pressure just under the vessel cover between a point on the circumference and a point on the

axis.

Solution 2.162

X ]f*ﬁjm*r,

Pressure in a rotating fluid varies in accordance with the equation,

2.2

[
pzp > — ¥z + constant

Since z4 = zp,

Pp— P4 =p7a)2(’”§_’”j)

) (0.9)[103 :ﬁj(mrzdjz [(02m)’ 0]

2

=28.8kPa




Problem 2.163
The largest liquid mirror telescope uses a 6-ft-diameter tank of mercury rotating at 7 rpm to

produce its parabolic-shaped mirror as shown in the figure below. Determine the difference in
elevation of the mercury, Ak ,between the edge and the center of the mirror.

/Receiuer

Light rays

Solution 2.163

For free surface of rotating liquid, A

(()21"2

zZ= + constant o ,’t

Letz =0 at » =0 and therefore constant =0 .

Thus, Ah = Az for r =31t and with

rad \( 1min
=(7 27—
@ ( rpm)( ﬂ-I‘GVJ( 60sj

_0.7337d

S

It follows that

S

rad 2 2
(o.m] (38)
Ah = -
2( 322
[223]

=0.07511t
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