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Chapter 2 — Problem Solutions

22.1
P = yh; where y = (1.03)(9810 N/m’) = 1.01x10* N/m’

(using the specific weight of water at standard
conditions since water gets very cold at great depths)

P =v-h = (1.01x10* N/m’)(730 m)
P =7.37x10° N/m’ = 1,070 psi

The pressure given is gage pressure. To get absolute
pressure, atmospheric pressure must be added.

222

a) The force exerted on the tank bottom is equal to the
weight of the water body.

F=W=m"g=[p (VoD (g)

F =[1.94 slugs/ft’ (- (5 ft)* - 3 ft)] (32.2 ft/sec?)
F =1.47 x 10* Ibs

(Note: 1 slug = 1 Ib-sec’/ft)

b) The force exerted on the tank bottom is equal to the
pressure on the bottom times the area of the bottom.

P =vh=(62.3 Ib/f)(3 ft) = 187 Ib/ft’
F=P-A=(187 Ib/f*)(n- (5 ft)?)

F=1.47x10*bs
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Ywater at 30°C =9.77 kN/m’

Papor at 30°C = 4.24 kN/m’

Pam = Peotumn + Puapor

Pum = (9.8 m)(9.77 kN/m?) + (4.24 kN/m?)

P, = 95.7 KN/m? + 4.24 kKN/m? = 99.9 kN/m?

2.2.3 (cont.)

The percentage error if the direct reading is used and
the vapor pressure is ignored is:

EITOI' = (Patm - Pcolumn)/(Patm)
Error = (99.9 kN/m* — 95.7 kN/m?)/(99.9 kN/m?)

Error =0.0420 = 4.20%
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The atm. pressure found in problem 2.2.3 is 99.9 kN/m’

Patm: (YHg)(h)
h = Pom/yue = (99.9 kKN/m?) / [(13.6)( 9.77 kN/m?)]

h=0.752 m =75.2 cm =2.47 ft
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The force exerted on the tank bottom is equal to the
pressure on the bottom times the area of the bottom.

P =v-h=(9.79 kN/m*)(6 m) = 58.7 kN/m*

F =P-A = (58.7 kN/m?)(36 m?)

F=2110N

The force exerted on the sides of the tank may be found
in like manner (pressure times the area). However, the
pressure is not uniform on the tank sides since P = y-h.
Therefore, the average pressure is required. Since the
pressure is a linear relationship, the average pressure
occurs at half the depth. Now,

Poyg = V'have = (9.79 kKN/m’)(3 m) = 29.4 kN/m’

F =Py ‘A = (29.4 kKN/m’)(36 m®)

F=1,060 N

Obviously, the force on the bottom is greater than the
force on the sides by a factor of two.



2.2.6

Wtotal = (VOlcontainer)(YWater) + (VOlpipe)(YWater)
Woow = (3 f1)°(62.3 1b/ft%)
+ [()(0.50 ££)*(30 f1)](62.3 Ib/ft’)

Wiota = 1680 1b + 1470 Ib = 3,150 Ib

= yh = (62.3 Ib/ft*)(33 ft) = 2060 Ib/ft>

P bottom

Fottom = (2060 1b/ft*)(9 ft*) = 18,500 1b

Note: The weight of the water is not equal to the force
on the bottom. Why? (Hint: Draw a free body diagram
of the 3 ft x 3 ft x 3 ft water body labeling all forces
(vertical) acting on it. Don’t forget the pressure from
the container top. Now, to determine the side force:

Poe = Vhay = (62.3 Ib/fP)(31.5 ft) = 1960 Ib/ft°

= Paye *A = (1960 Ib/ft*)(9 ft%)

F = 17,600 1b

2.2.7

Pbottom = Pgage + (yliquid)(l 4 m), and

Yiiquia = (SG)Ywater) = (0.80)(9790 N/m’) = 7830 N/m’

2"+ Pootiom = 4.50x10* N/m? + (7830 N/m*)(1.4 m)

Pyottom = 5.60 x 10* N/m’

The pressure at the bottom of the liquid column can be

determined two different ways which must be equal.
Hence,

(h)(Yliquid) = Pgage + (Yquuid)(l 1’1’1)

h= (Pgage)/(yliquid) + 1Im

h = (4.50x10* N/m?)/7830 N/m’ + 1 m = 6.75 m

2.2.8

= (SG)(Ywater) = (1.03)(9790 N/m’)

Yseawater

1.01 x 10* N/m’®

Yseawater

Punk = (Ywaer)(Ah) = (1.01 x 10* N/m’)(6 m)

6.06 x 10° N/m’ (Pascals) = 8.79 psi

Ptank

2.2.9
Yoit = (SG)(Ywater) = (0.85)( 62.3 Ib/ft’) = 53.0 Ib/ft®
Pro = Pair + (Yoi)(10 ft)

Puir = Pios - (Yoi)(10 ft)

P.ir = 23.7 psi (144 in¥/ft®) — (53.0 Ib/f£%)(10 ft)
P.i: = 2.88 x 10* Ib/ft* (20.0 psi); Gage pressure
Paps = Pyage + Pam =

20.0 psi + 14.7 psi

P.ys = 34.7 psi (5.00 x 10* b/t ); Absolute pressure

2.2.10

The mechanical advantage in the lever increases the
input force delivered to the hydraulic jack. Thus,

Finput = (9)(50 N) =450 N
The pressure developed in the system is:
Pinput = F/A = (450 N)/(25 cm ) =18 N/em?
180 kN/m’

Pinput =

From Pascal’s law, the pressure at the input piston
should equal the pressure at the two output pistons.

.. The force exerted on each output piston is:
Piput = Pouput €quiates to: 18 N/em® = F /250 cm®

Foutpue = (18 N/em?)(250 cm?)

4.50 kN

Foutput



24.1

Since the line passing through points 7 and 8 represents
an equal pressure surface;

P7 = P8 or (hwater)(YWater) = (hoil)(YOil)
However; (hoil)(’\/oil) = (hoil)(’Ywaler)(SGoil)a thus

hoit = (hyater)/(SGon) = (52.3 cm)/(0.85) = 61.5 cm

2.4.2

A surface of equal pressure surface can be drawn at the
mercury-water meniscus. Therefore,

(3 ft)(Ywaler) = (h)(YHg)
h = 3 f)(Ywater/ Vi) = (3 ) / (SGr) = (3 ft) / (13.6)

h =0.221 ft =2.65 in.
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The pressure at the bottom registered by the gage is
equal to the pressure due to the liquid heights. Thus,

(hHg)(SGHg)(Ywater) = (4h)('Ywater) + (h)(SGoil)(Ywater)
h = (hge)(SGrg)/(4 + SGyir)

h = (26.3 cm)(13.6)/(4 + 0.82) = 74.2 cm
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A surface of equal pressure can be drawn at the
mercury-water meniscus. Therefore,

PA + (y)(Ywater) = (h)(YHg)
PA + (0034 m)(Ywater) = (0026 m)(YHg)

P4 = (0.026 m)(13.6)(9,790 N/m’)
- (0.034 m)(9,790 N/m’)

P, = 3,130 N/m* (Pascals) = 3.13 kN/m’
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A surface of equal pressure can be drawn at the
mercury-water meniscus. Therefore,

P pipe + (2 ft)(YWater) = (h)(YHg)
(16.8 Ib/in*)(144 in*/f€) + (2 ) (Ywater) = (h)(Y1re)
(2.42 x 10° Ib/ft?) + (2 f1)(62.3 Ib/ft)) =

(h)(13.6)(62.3 Ib/ft’)
h = 3.00 ft (manometer is correct)

2.4.6

Using the “swim through” technique, start at the end of
the manometer which is open to the atmosphere and
thus equal to zero gage pressure. Then “swim through”
the manometer, adding pressure when “swimming”
down and subtracting when “swimming” up until you
reach the pipe. The computations are below:

0 - (0.66 m)(ycr) + [(0.66 +y + 0.58)m](vair) —
(058 m)(yoﬂ) = Ppipe

The specific weight of air is negligible when compared
to fluids, so that term in the equation can be dropped.

Pipe = 0 - (0.66 m)(SGer)(y) — (0.58 m)(SGoin)(y)

Pyipe = 0 - (0.66 m)(1.60)(9790 N/m’)
—(0.58 m)(0.82)( 9790 N/m’)

P,.=-15.0kN/m? Pressure can be converted to

pipe

height (head) of any liquid through P =y-h. Thus,

hyipe = (15,000 N/m?)/(9790 N/m®) = -1.53 m of water

24.7

A surface of equal pressure surface can be drawn at the
mercury-water meniscus. Therefore,

P+ (hy)(y) = (ho)(vng) = (h2)(SGre(Y)
P+ (0.575 ft)(62.3 Ib/ft%) = (2.00 ft)(13.6)(62.3 Ib/Y)

P = 1,660 Ib/ft* = 11.5 psi



24.8

A surface of equal pressure surface can be drawn at the
mercury-water meniscus. Therefore,

Ppipe + (h1)(¥) = (h2)(vrg) = (h2)(SGrg)(y)

Pyipe + (0.20 m)(9790 N/m’) =
(0.67 m)(13.6)(9790 N/m?)

Ppipe = 8.72 x 10° N/m’ (Pascals) = 87.2 KPa

When the manometer reading rises or falls, mass
balance must be preserve in the system. Therefore,

VOlres = VOltube or Ares'hl = Atube'hZ
hl = h2 (Atube/Ares) = h2 [(Dtube)z/(Dres)z]

hy = (10 cm)[(0.5 cm)*/(5 cm)*] = 0.1 cm
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Using the “swim through” technique, start at pipe 4 and
“swim through” the manometer, adding pressure when

“swimming” down and subtracting when “swimming”
up until you reach pipe B. The computations are:

Pa+(5.33 f)(v) - (1.67f)(vng) - (1.0 f)(voi) = P

P, - Py = (62.3 Ib/ft) [(1.0 ££)(0.82) — (5.33 ft) +
(1.67 f)(13.6)]

P, - Py = 1,130 Ib/ft* = 7.85 psi

2.4.10

Using the “swim through” technique, start at P, and
“swim through” the manometer, adding pressure when
“swimming” down and subtracting when “swimming”
up until you reach P;. The computations are:

Py + (Ah)(p1-g) + (y)(p1-g) + (h)(p2-g) - (h)(p1g) -
(prrg) =P

where y is the vertical elevation difference between the

fluid surface in the left hand reservoir and the interface
between the two fluids on the right side of the U-tube.

Py — P, = (Ah)(p1-g) + (h)(p2'g) - (h)(p1°g)

2.4.10 — cont.

When the manometer reading (h) rises or falls, mass
balance must be preserve in the system. Therefore,

Volies = Volppe OF  Apes'(Ah) = Agpe h

Ah =h (Awpe/Ares) = h [(d2)*/(d,)*]; substituting yields
Py — Py =h [(d2)/(d1)’] (prg) + (h)(p2g) - (W)(pr-E)
P —Py=hg[p,-pi +p1 {(d)/(d)*}]

P, —P,=hg [p;-p: {1 - (d2)*/(d1)*}]

24.11

Using the “swim through” technique, start at both ends
of the manometers which are open to the atmosphere
and thus equal to zero gage pressure. Then “swim
through” the manometer, adding pressure when
“swimming” down and subtracting when “swimming”
up until you reach the pipes in order to determine P,
and Pg. The computations are below:

0+(23)(13.6)(v) - (44)(v) = Pa; Pa =269y

0+ (46)(0.8)(v) + (20)(13.6)(y) — (40)(v) = P

P =269-y; Therefore, PA=Pgandh=10

2.4.12

Using the “swim through” technique, start at the sealed
right tank where the pressure is known. Then “swim
through” the tanks and pipes, adding pressure when
“swimming” down and subtracting when “swimming”
up until you reach the left tank where the pressure is not
known. The computations are as follows:

20 kN/m? + (4.5 m)(9.79 kN/m?) - (2.5 m)(1.6)(9.79 kN/m°) -
(5 m)(0.8)(9.79 kKN/m®) = Pjq

Pt = -14.3 KN/m’ (or -14.3 kPa)
P = (-14.3 kN/m®) / [(SGg)(Y)]
Pg = (-14.3 kN/m?) / [(13.6)(9.79 kN/m’)]

Py =-0.107 m = 10.7 cm (Hg)

10



2.5.1
F=y-h-A=(9790 N/m*)[(3m)/(3)]'[6 m’]
F =5.87 x 10° N =58.7 kN

(4m)(3m)* /36
| |

Lo 5
: [(4m)(3m)/2)(1.00m)

Yp

¥p = 1.50 m (depth to center of pressure)

2.5.2
F=y--A=(62.3 I/fE)[(30 ft)/2]-[(30 fr)(1 fo)]

F = 2.80 x 10* Ibs per foot of length

Vp _fo 5o [(1ft)(30ﬁ)3 /12] s

Ay [0 mkis s 7

¥p=20.0 ft  (depth to the center of pressure)

In summing moments about the toe of the dam (Y M,),
the weight acts to stabilize the dam (called a righting
moment) and the hydrostatic force tends to tip it over
(overturning moment).

M = (Wt)[(2/3)(10)] - F(10ft) =

[1/2 (10 ft)(30 ft)-(1 f)](2.67)(62.3 Ib/ft))-(6.67 ft) —
(2.80 x 10* 1bs)-(10 ft) =-1.14 x 10° ft-Ibs

M = 1.14 x 10° ft-Ibs (overturning; dam is unsafe)
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F=y-h-A4=(9790 N/m*)(1 m)(7)(0.5 m)
F=7.69x10°N=7.69 kN ; ¥ =h/sin45%

V= 1y 5= [ﬂ(lm)4/64]

Ay I (im)? /41.414m)

+1.414m

¥p = 1.46 m (distance from water surface to the center

of pressure along the incline).
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Foppe =7 -1 - A=y(L/2)(L?) = (y/2)-L?

square

F

i =7 h - A=y(L+H/3)(LH/2) = (y/2)[L*H + LH*/3]
Setting the two forces equal: Fyquare = Yi 5

(v/2)-L* = (y/2)[L*H + LH%/3]

L? - HL - H*3 = 0; divide by H” and solve quadratic

(L/H)* — (L/H) - 1/3 =0; L/H=1.26 or H/L = 0.791
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Fip =7 -h- A= (9790 N/m*)(0.5 m)[(1.41m)(3m)]
Fiert = 20.7 KN (where A is “wet” surface area)

|Gy 41my? /12]
[(3m)(1.41m)}(0.705m)

_ IO +y=
Yp A7 Y

+0.705m

yp=0.940 m (inclined distance to center of pressure)
Location of this force from the hinge (moment arm):

Y=2m-141m+0940m=1.53m

F

7

ight =V B - A= (9790 N/m®)(h/2 m)[(h/cos45°)(3m)]

Fuignt = 20.8-h* kN

+0.705-h

I, [(3)(1 41-h)} /12]
Yp=—=-try=
Ay [(3)(1.41-1)|(0.705- k)

¥p = (0.940-h)m; Moment arm of force from hinge:
Y” =2 m - (h/sin 45)m + (0.940-h)m = 2m — (0.474-h)m

The force due to the gate weight: W = 20.0 kN
Moment arm of this force from hinge: X =0.707 m

Summing moments about the hinge yields: Y Myinge= 0
(20.8:h*)[2m — (0.474-h)] — 20.7(1.53) — 20(0.707) = 0

h =1.25 m (gate opens when depth exceeds 1.25 m)

11



2.5.6
F=y-h-A=(62.3/f)[(7 ft)]-[n(6 ft)*/4]

F=1.23x10*1bs

I, _ |z(6f)* /64
b =H 7
Y= s et

yp=7.32ft (depth to the center of pressure)
Thus, summing moments: > Myjpge = 0

P(3 ft)— (1.23 x 10* Ibs)(0.32 ft) = 0

P=1.31x10%1bs

2.5.7

In order for the balance to be maintained at h = 4 feet,
the center of pressure should be at the pivot point (i.e.,
the force at the bottom check block is zero). As the
water rises above h = 4 feet, the center of pressure will
rise above the pivot point and open the gate. Below h =
4 feet, the center of pressure will be lower than the
pivot point and the gate will remain closed. Thus, for a
unit width of gate, the center of pressure is

Iy . <1ﬁ)(10ﬁ>3/12|+9ﬁ

e (L1009 /1)

_A_f

¥p = 9.93 ft (vertical distance from water surface to the
center of pressure)

Thus, the horizontal axis of rotation (0-0’) should be
14 ft — 9.93 ft = 4.07 ft above the bottom of the gate.

2.5.8
F=y-h-A=(9790 N/m*)(2.5 m)[(n){(1.5/~(0.5)*}m’]

F=154x10°N =154 kN

Ty, [xGm)* /64— 2(1m)* /64)| a5

s T rGmy s a— n(m)? 1a)2.5m)

Yp=2.75m (below the water surface)

2.5.9
F=y-h-A=(9790 N/m*)2.5 m)[(m)(1.5 m)’~(1.0 m)’]

F=1.49 x 10° N = 149 kN

4 _ 3
o lz3m) /64— (m)(m /12)]+ -
Ay [2(1.5m)* = (1m)? (2.5m)
Yp=2.76 m (below the water surface)

2.5.10
F=y. h-A= (9790 N/m?)(2.5m)[(5/cos 30°)(3 m)]
F=4.24x10° N =424 kN

(3m)(5.77m)’ /12
| |

Iy
Y = TG3my(5.77m))2.89m)

-0 +2.89m
Ay

yp

Yp =3.85m (inclined depth to center of pressure)
Summing moments about the base of the dam; } M =0
(424 kKN)(5.77 m — 3.85 m) — (F»g)(5.77m/2) = 0

FAB=282kN

2.5.11
F=y-h-A= (623 Io/f)[(d/2)ft]-[{(d /cos30)ft}(8 ft)]
F =288d* Ibs

[®)(d/cos30%)° 112]

I, _
+
[(8)(d / cos30°)|(d /2 c0s30°)

:A—;

yp +(d/2co0s30)

yp = [(0.192-d) + 0.577-d)] ft = 0.769-d (inclined depth)
Thus, summing moments: ) Myinge = 0
(288-d*)[(d/c0s30)-0.769d] — (5,000)(15) = 0
d=8.77ft A depth greater than this will make

the gate open, and anything less will make it close.
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