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¥ Figure P1.81

1.82 A thin layer of glycerin flows down an inclined, wide plate
with the velocity distribution shown in Fig. P1.82. For & = 0.3 in.
and o = 20°, determine the surface velocity, U. Note that for equi-
librium, the component of weight acting parallel to the plate sur-
face must be balanced by the shearing force developed along the
plate surface. In your analysis assume a unit plate width.

E Figure P1.82

*1.83 ¢@neve Standard air flows past a flat surface, and velocity
measurements near the surface indicate the following distribution:

y(f) | 0.005 | 001 | 002 | 0.04 | 006 | 008
u(fiss) | 074 | 151 | 303 | 637 [1021 | 1443

The coordinate y is measured normal to the surface and u is the
velocity parallel to the surface. (a) Assume the velocity distribu-
tion is of the form

u=Cy+ C2y3

and use a standard curve-fitting technique to determine the con-
stants C; and C,. (b) Make use of the results of part (a) to determine
the magnitude of the shearing stress at the wall (y = 0) and at
y = 0.05 ft.

1.84 fwure A new computer drive is proposed to have a disc, as
shown in Fig. P1.84. The disc is to rotate at 10,000 rpm, and the
reader head is to be positioned 0.0005 in. above the surface of the
disc. Estimate the shearing force on the reader head as a result of
the air between the disc and the head.

Rotating disc

B Figure P1.84

1.85 (@i The space between two 6-in.-long concentric cylinders
is filled with glycerin (viscosity = 8.5 % 107 Ib - s/ft*). The in-
ner cylinder has a radius of 3 in. and the gap width between cylin-~
ders is 0.1 in. Determine the torque and the power required to rotate
the inner cylinder at 180 rev/min. The outer cylinder is fixed.
Assume the velocity distribution in the gap to be linear.

1.86 (Wi A pivot bearing used on the shaft of an electrical in-
strument is shown in Fig. P1.86. An oil with a viscosity of . =
0.0101b - s/fi* fills the 0.001-in. gap between the rotating shaft and
the stationary base. Determine the frictional torque on the shaft
when it rotates at 5000 rpm,

Q_{_b 5000 rpm

0.2in.

0.001 in’ 1=0.010 b - /f?

I B Figure P1.86

1.87 The viscosity of liquids can be measured through the use of a
rotating cylinder viscometer of the type illustrated in Fig. P1.87. In
this device the outer cylinder is fixed and the inner cylinder is rotated
with an angular velocity, w. The torque J required to develop w is
measured and the viscosity is calculated from these two measurements.
(a) Develop an equation relating g, @, 7, £, R, and R,. Neglect end
effects and assume the velocity distribution in the gap is linear.
(b) The following torque-angular velocify data were obtained with a
rotating cylinder viscometer of the type discussed in part (a).

Torque (ft - 1b) 131 1260 | 395 | 527 | 649 | 786

o mernn
‘velocity (rad/s) | 1.0 2.0 3.0 4.0 5.0 6.0
For this viscometer R, = 2.50in., R, = 2.451n., and £ = 5.00 in.
Make use of these data and a standard curve-fitting program to de-
termine the viscosity of the liquid contained in the viscometer.

Fixed
_— outer

Liquid g Ylinder

Rotating

inner
Cylinder

B Figure P1.87
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Problems 81

2.1C Two tubes connected to two water reservoirs are as shown
below. The tube on the left is straight, and that on the right is a
cone with the top area four times that of the base. The bottom area
of the cone equals that of the straight tube. The height of the water
is the same for both cases.

Atmosphere

The relation between the pressures p; and p; at the base of the tubes
is:
b) p, =2 p;.

1
a) p, =4p;. c)pp = CL

1
d) p, = p. e) p, = 591‘
2.2C A system filled with a liquid is shown below. On the left
there is a piston in a tube of cross-sectional area A, with a force
F, applied to it, and on the right there is a piston in a tube of cross-
sectional area A, that is twice that of A; and a force F,. The pis-
tons are weightless. The two liquid levels are the same.

Fy £y

The relation between the force F, and F, is

a) F, = F b) F, =4F, c) F, =2F,
d) F, = F,/2 e) F, = F/4
Problems

2.3C For a fluid element at rest, the forces acting on the element
are:

a) gravity, shear, and normal forces.

b) gravity and normal forces.

¢) gravity and shear forces.

d) normal and shear forces.

2.4C A tank is filled with a liquid, and the surface is exposed
to the atmosphere. Which of the following accurately represents

the absolute pressure distribution on the right-hand side of the
tank?

(@)

2.5C A wire is attached to a block of metal that is submerged in
a tank of water as shown below. The graph that most correctly de-
scribes the relation between the force in the wire and time as the
block is pulled slowly out of the water is

Force

Final position

Block
initial position

Force’/— [\ '—‘
Time Time Time Time Time

(a) &) (c) (d) (e)

Additional conceptual guestions are available in WileyPLUS at
the instructor’s discretion.

Note: Unless specific values of required fluid properties are
given in the problem statement, use the values found in the
tables on the inside of the front cover. Answers to the even-
numbered problems are listed at the end of the book. The
Lab Problems as well as the videos that accompany problems
can be accessed in WileyPLUS or the book’s web site,
www.wiley.com/college/munson.

Section 2.3 Pressure Variation in a Fluid at Rest

2.1 Obtain a photograph/image of a situation in which the fact
that in a static fluid the pressure increases with depth is important.
Print this photo and write a brief paragraph that describes the sit-
uation involved.

2.2 A closed, 5-m-tall tank is filled with water to a depth of 4 m.
The top portion of the tank is filled with air which, as indicated by
a pressure gage at the top of the tank, is at a pressure of 20 kPa,
Determine the pressure that the water exerts on the bottom of the
tank.

2.3 @%\a A closed tank is partially filled with glycerin. If the air
pressure in the tank is 6 1b/in.? and the depth of glycerin is 10 ft,
what is the pressure in 1b/ft? at the bottom of the tank?

2.4 D Blood pressure is usually given as a ratio of the maximum
pressure (systolic pressure) to the minimum pressure (diastolic pres-
sure). As shown in Video V2.3, such pressures are commonly mea-
sured with a mercury manometer. A typical value for this ratio for
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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?

2.5 fWise 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
= 8.5 kN/m®) floating on top is 5.0 m. A pressure gage connected
to the bottom of the tank reads 65 kPa. What is the specific grav-
ity of the unknown liquid?

2.6 The water level in an open standpipe is 80 ft above the ground.
What is the static pressure at a fire hydrant that is connected to the
standpipe and located at ground level? Express your answer in psi.

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

2.8 What pressure, expressed in pascals, will a skin diver be sub-
jected to at a depth of 40 m in seawater?

2.9 (wvs 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>? Ex.-
press your answer in pascals and psi.

2.10 For the great depths that may be encountered in the ocean
the compressibility of seawater may become an important consid-
eration. (a) Assume that the bulk modulus for seawater is constant
and derive a relationship between pressure and depth which takes
into account the change in fluid density with depth. (b) Make use
of part (a) to determine the pressure at a depth of 6 km assuming
seawater has a bulk modulus of 2.3 X 10° Paand a density of 1030
kg/m”® at the surface. Compare this result with that obtained by as-
suming a constant density of 1030 kg/m>.

2.11 Sometimes when riding an elevator or driving up or down a
hilly road a person’s ears “pop” as the pressure difference between
the inside and outside of the ear is equalized. Determine the
pressure difference (in psi) associated with this phenomenon if it
occurs during a 150-ft elevation change.

2.12  Develop an expression for the pressure variation in a liquid
in which the specific weight increases with depth, h,asy = Kh + y,,
where X is a constant and v, is the specific weight at the free surface,

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

R (ft) v (b/te)
0 70
10 76
20 84
30 91
40 97
50 102
60 107
70 110
80 112
90 114
100 115

The depth /& = 0 corresponds to a free surface at atmospheric pres-
sure. Determine, through numerical integration of Eq. 2.4, the cor-
responding variation in pressure and show the results on a plot of
pressure (in psf) versus depth (in feet).

T2.14 Because of elevation differences, the water pressure in the
second floor of your house is lower than it is in the first floor, For
tall buildings this pressure difference can become unacceptable.
Discuss possible ways to design the water distribution system in

very tall buildings so that the hydrostatic pressure difference. is
within acceptable limits,

*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 in-
creases with elevation. A series of temperature probes on a moun-
tain 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)

5000 50.1 (base)
5500 552

6000 60.3

6400 62.6

7100 67.0

7400 68.4

8200 . 70.0

8600 ' 69.5

9200 68.0

9900 67.1 (top)

12.16 Although it is difficult to compress water, the density of
water at the bottom of the ocean is greater than that at the surface
because of the higher pressure at depth. Estimate how much higher
the ocean’s surface would be if the density of seawater were
instantly changed to a uniform density equal to that at the surface.

2.17 (See Fluids in the News article titled “Giraffe’s blood pres-
sure,” Section 2.3.1.) (a) Determine the change in hydrostatic pres-
sure 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 leve] as
shown in Fig. P2.17. 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.

B Figure P2.17

Section 2.4 Standard Atmosphere

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 in Appendix C.)

2.19 Anabsolute pressure of 7 psia corresponds to what gage pres-
sure for standard atmospheric pressure of 14.7 psia?

2.20 fwEe Assume that a person skiing high in the mountains at
an altitude of 15,000 fi 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.

2.21 (@ns» Pikes Peak near Denver, Colorado, has an elevation of
14,110 ft. (a) Determine the pressure at this elevation, based on
Eqg. 2.12. (b) If the air is assumed to have a constant specific weight
of 0.07647 Ib/ft?, what would the pressure be at this altitnde? (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 (see Table 2.1).

2.22 Equation 2.12 provides the relationship between pressure and
elevation in the atmosphere for those regions in which the temper-
ature varies linearly with elevation. Derive this equation and ver-
ify the value of the pressure given in Table C.2 in Appendix C for
an elevation of 5 km.

2.23 As shown in Fig. 2.6 for the U.S. standard atmosphere, the
troposphere extends to an altitude of 11 km where the pressure is
22.6 kPa (abs). In the next layer, called the stratosphere, the tem-
perature remains constant at —56.5 °C. Determine the pressure and
density in this layer at an altitude of 15 km. Assume g = 9.77 m/s?
in your calculations. Compare your results with those given in Table
C.2 in Appendix C.

2.24 (See Fluids in the News article titled “Weather, barometers,
and bars,” Section 2.5.) The record low sea-level barometric pres-
sure ever recorded is 25.8 in. of mercury. At what altitude in the
standard atmosphere is the pressure equal to this value?

Section 2.5 Measurement of Pressure

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?

2.26 Aneroid barometers can be used to measure changes in alti-
tude. 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 Eq. 2.12
is applicable over the range of altitudes of interest.

2.27 €3 (#Ee Bourdon gages (see Video V2.4 and Fig. 2.13)
are commonly used to measure pressure. When such a gage is at-
tached to the closed water tank of Fig. P2.27 the gage reads 5 psi.
What is the absolute air pressure in the tank? Assume standard at-
mospheric pressure of 14.7 psi.

Air

12 in.
Bourdon gage

Water

M Figure P2.27
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Problems

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

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?

Section 2.6 Manometry

2.30 Obtain a photograph/image of a situation in which the use
of a manometer is important. Print this photo and write a brief para-
graph that describes the situation involved.

2.31 A water-filled U-tube manometer is used to measure the pres-
sure inside a tank that contains air. The water level in the U-tube
on the side that connects to the tank is 5 ft above the base of the
tank. The water level in the other side of the U-tube (which is open
to the atmosphere) is 2 ft above the base. Determine the pressure
within the tank.

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

2.33 (v For an atmospheric pressure of 101 kPa (abs) deter-
mine the heights of the fluid columns in barometers containing one
of the following liquids: (a) mercury, (b) water, and (¢} ethyl al-
cohol. Calculate the heights including the effect of vapor pressure
and compare the results with those obtained neglecting vapor pres-
sure. Do these results support the widespread use of mercury for
barometers? Why?

2.34 The closed tank of Fig. P2.34 is filled with water and is 5 ft
long. The pressure gage on the tank reads 7 psi. Determine: (a) the
height, A, 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.

Open

Po——

M Figure P2.34

2.35 A mercury manometer is connected to a large reservoir of
water as shown in Fig. P2.35. Determine the ratio, A,/h,, of the
distances h,, and h,, indicated in the figure.

Water

M Figure P2.35
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2.36 A U-tube mercury manometer is connected to a closed pres-
surized tank as illustrated in Fig. P2.36. If the air pressure is 2 psi,
determine the differential reading, 4. The specific weight of the air
is negligible.

@Pm‘r: 2 psi

Air
1
Water 2ft

]

Mercury (SG = 13.6)

B Figure P2.36

2.37 (W¥e A U-tube manometer is connected to a closed tank con-
taining air and water as shown in Fig, P2.37. 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. Ex-
press your answer in psi (gage). Assume standard atmospheric pres-
sure and neglect the weight of the air columns in the manometer.

<— Closed valve

|

4t

Air pressure = 16 psia

Air

2ft
'\ Gage fluid i?
- 3 Pressure
(¥ =80 Ib/ft?) gage

B Figure P2.37

2.38 Compartments A and B of the tank shown in Fig. P2.38 are
closed and filled with air and a liquid with a specific gravity equal

@ 0.5 psi

Open
/ p
Air 2
i
SESRCRT T (| 4
0.1ft
Water—| || -
' Liquid
A B 86 =086)

Mercury (SG = 13.6)
E Figure P2.38

to 0.6. Determine the manometer reading, A, if the barometric pres-
sure is 14.7 psia and the pressure gage reads 0.5 psi. The effect of
the weight of the air is negligible.

2.39 5™ A closed cylindrical tank filled with water has a hemi.
spherical dome and is connected to an inverted piping system as
shown in Fig. P2.39. The liquid in the top part of the piping sys-
tem has a specific gravity of 0.8, and the remaining parts of the
system are filled with water. If the pressure gage reading at A 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

B Figure P2.39

2.40 Two pipes are connected by a manometer as shown in Fig.
P2.40. Determine the pressure difference, Pa — Pg. between the pipes,

1.3m

Gage fluid
(SG = 2.6) Water

5)-
W Figure P2.40

2.41 An inverted open tank is held in place by a force R as shown
in Fig. P2.41. If the specific gravity of the manometer fluid s 2.5,
determine the value of A,

1-in.-diameter

tube T

2-ft- ——
diameter
tank

Water

B Figure P2.41
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2.55 Theee different liquids with properties as indicated fill the
tank and manometer tubes as shown in Fig. P2.55. Determine the
specific gravity of Fluid 3.

Fluid 1: specific weight = 62.4 Ib/ft®
Fluid 2: density = 1.60 slugs/it3
Fluid 3: specific gravity = 7

Fluid 2 ’
|7 ft Gasoli
\t i ‘4; asoiine
T M Figure P2.58
Glft j:t 9
f 2.59 The mercury manometer of Fig. P2.59 indicates a differen-
® Figure P2.55 tial reading of 0.30 m when the pressure in pipe A is 30-mm Hg

vacuum. Determine the pressure in pipe B.

2.56 Determine the pressure of the water in pipe A shown in Fig.
P2.56 if the gage pressure of the air in the tank is 2 psi.

@ T@p:Zpsi

Air

S E

M Figure P2.59

T 2.60 ¢ The inclined differential manometer of Fig. P2.60 con-

e s tains carbon tetrachloride. Initially the pressure differential be-
tween pipes A and B, which contain a brine (SG = 1.1), is zero as
illustrated in the figure. It is desired that the manometer give a dif-
ferential reading of 12 in. (measured along the inclined tube) for
a pressure differential of 0.1 psi, Determine the required angle of

2.57 In Fig. P2.57 pipe A contains carbon tetrachloride (SG = inclination, 6.

1.60) and the closed storage tank B contains a salt brine (SG =

1.15). Determine the air pressure in tank B if the pressure in pipe

W Figure P2.56

A is 25 psi.
Air T
4 ft
B
2 T 4 ft
o, & 3ft
D . - 1
> Brine | 3ft

Carbon }

tetrachloride

™ Figure P2.57 ' ® Figure P2.60

2.58 fFve In Fig. P2.58 pipe A contains gasoline (SG = 0.7), pipe  2.61 The manometer fluid in the manometer of Fig. P2.61 has a
B contains oil (SG = 0.9), and the manometer fluid is mercury. specific gravity of 3.46. Pipes A and B both contain water. If the

it Determine the new differential reading if the pressure in pipe A is ~ pressure in pipe A is decreased by 1.3 psi and the pressure in pipe
decreased 25 kPa, and the pressure in pipe B remains constant. The B increases by 0.9 psi, determine the new differential reading of
initial differential reading is 0.30 m as shown. the manometer.




2.69 A 0.3-m-diameter pipe is connected to a 0.02-m-diameter pipe,
and both are rigidly held in place. Both pipes are horizontal with
pistons at each end. If the space between the pistons is filled with
water, what force will have to be applied to the larger piston to bal-
ance a force of 90 N applied to the smaller piston? Neglect friction.

#2.70 @3 A Bourdon gage (see Fig. 2.13 and Video V2.4) is of-
ten used to measure pressure. One way to calibrate this type of
gage is to use the arrangement shown in Fig. P2.70a. 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 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, 8, in Fig. P2.705,
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 in psi.

Wab) |0 |1.04 [2.00 |323 | 405 |524 |631 |
9(deg) 10 120 140 160 [8 |1 [ 120 1
Bourdon gage W

/ ? 0.4-in.-diameter

 Liguid

(B) (a)
M Figure P2.70

2,71 An inverted 0.1-m-diameter circular cylinder is partially
filled with water and held in place as shown in Fig. P2.71. A force
of 20 N is needed to pull the flat plate from the cylinder. Deter-
mine the air pressure within the cylinder. The plate is not fastened
to the cylinder and has negligible mass.

‘-——0.1 mr-l

Air

T

Water 0.

3

Plate

/
1

&

F=20N
M Figure P2.71

2.72 You partially fill a glass with water, place an index card on
top of the glass, and then turn the glass upside down while hold-
ing the card in place. You can then remove your hand from the card
and the card remains in place, holding the water in the glass. Ex-
plain how this works.

2.73 e A piston having a cross-sectional area of 0.07 m” is lo-
cated in a cylinder containing water as shown in Fig. P2.73. An open
U-tube manometer is connected to the cylinder as shown. For i) =
60 mm and # = 100 mm, what is the value of the applied force, P,
acting on the piston? The weight of the piston is negligible.

Problems 89

Piston

M Figure P2.73

274 foso A 6—1n -diameter piston is located within a cylinder that
is connected to a -1n -diameter inclined-tube manometer as shown
in Fig. P2.74. The fluid in the cylinder and the manometer is oil
(specific weight = 59 1b/it*). When a weight, W', is placed on 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.

M Figure P2.74

2.75 A square gate (4 m by 4 m) is located on the 45° face of a
dam. The top edge of the gate lies 8 m below the water surface.
Determine the force of the water on the gate and the point through
which it acts.

2.76 A large, open tank contains water and is connected to a 6-
ft-diameter conduit as shown in Fig. P2.76. A circular plug is used
to seal the conduit. Determine the magnitude, direction, and loca-
tion of the force of the water on the plug.

Walfer l L—Plug Open
7 : { ;,;’k' &L}

M Figure P2.76

277 A circular 2-m-diameter gate is located on the sloping side
of a swimming pool. The side of the pool is oriented 60° relative
to the horizontal bottom, and the center of the gate is located 3 m
below the water surface. Determine the magnitude of the water
force acting on the gate and the point through which it acts.

2.78 A vertical rectangular gate is 8 ft wide and 10 ft long and weighs
6000 Ib. The gate slides in vertical slots in the side of a reservoir con-
taining water. The coefficient of friction between the slots and the
gate is 0.03. Determine the minimum vertical force required to lift
the gate when the water level is 4 ft above the top edge of the gate.




2.87 (ug A homogeneous, 4-ft-wide, 8-ft-long rectangular gate
weighing 800 1b is held in place by a horizontal flexible cable as
shown in Fig. P2.87. Water acts against the gate, which is hinged
at point A. Friction in the hinge is negligible. Determine the ten-
sion in the cable.

B Figure P2.87

2.88 A rectangular gate 6 ft tall and 5 ft wide in the side of an
open tank is held in place by the force F as indicated in Fig. P.2.88.
The weight of the gate is negligible, and the hinge at O is friction-
less. (a) Determine the water depth, A, if the resultant hydrostatic
force of the water acts 2.5 ft above the bottom of the gate, i.e., it
is collinear with the applied force F. (b) For the depth of part (a),
determine the magnitude of the resultant hydrostatic force. (¢) De-
termine the force that the hinge puts on the gate under the above
conditions.

1A-u--.-:-—.-.-.—-—-—-—Y_— ————————— S
Water
Hinge O
Gate i3
F 6 ft
g B
2.5t
I B

¥ Figure P2.88

12.89 Sometimes it is difficult to open an exterior door of a
building because the air distribution system maintains a pressure
difference between the inside and outside of the building. Estimate
how big this pressure difference can be if it is “not too difficult”
for an average person to open the door.

2.90 An area in the form of an isosceles triangle with a base width
of 6 ft and an attitude of 8 ft lies in the plane forming one wall of
a tank that contains a liquid having a specific weight of 79.8 Ib/ft’,
The side slopes upward, making an angle of 60° with the horizon-
tal. The base of the triangle is horizontal, and the vertex is above the
base. Determine the resultant force the fluid exerts on the area when
the fluid depth is 20 ft above the base of the triangular area. Show,
with the aid of a sketch, where the center of pressure is located.

2.91 Solve Problem 2.90 if the isosceles triangle is replaced with
a right triangle having the same base width and altitude as the
isosceles triangle.

Problems 91

2.92 fW A vertical plane area having the shape shown in Fig.
P2.92 is immersed in an oil bath (specific weight = 8.75 kN/m®). .
Determine the magnitude of the resultant force acting on one side
of the area as a result of the oil.

H Figure P2.92

293 (@ 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 Fig. P2.93, 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 is 3500 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.

M Figure P2.93

2.94 Two square gates close two openings in a conduit connected
to an open tank of water as shown in Fig. P2.94, When the water
depth, h, reaches 5 m it is desired that both gates open at the same
time. Determine the weight of the homogeneous horizontal gate
and the horizontal force, R, acting on the vertical gate that is re-
quired to keep the gates closed until this depth is reached. The
weight of the vertical gate is negligible, and both gates are hinged
at one end as shown. Friction in the hinges is negligible.

T RIS i Hinge
h 5

3m
AL _ . <2

<

Horizontal gate, 4m x 4m

Water Vertical gate,
4m x 4m

Hinge
¥ Figure P2.94

2.95 (@ A gate having the cross section shown in Fig. 2.95
closes an opening 5 ft wide and 4 ft high in a water reservoir. The
gate weighs 500 1b, and its center of gravity is 1 ft to the left of
AC and 2 ft above BC. Determine the horizontal reaction that is
developed on the gate at C.
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B Figure P2.95

2.96 (Wi A gate having the cross section shown in Fig. P2.96 is
4 ft wide and is hinged at C. The gate weighs 18,000 1b, and its
mass center is 1.67 ft to the right of the plane BC. Determine the
vertical reaction at A on the gate when the water level is 3 ft above
the base. All contact surfaces are smooth.

9ft

Water surface

B Figure P2.96

2.97. (@i The massless, 4-ft-wide gate shown in Fig. P2.97 piv-
ots about the frictionless hinge O. It is held in place by the 2000 Ib
counterweight, W. Determine the water depth, k.

Width = 4 ft

W Figure P2.97

*2.98 A 200-Ib homogeneous gate 10 ft wide and 5 ft long is
hinged at point A and held in place by a 12-ft-long brace as shown
in Fig. P2.98. 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

Moveable
stop

W Figure P2.98

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, for 0 < 6 =< 90°. (b) Repeat
the calculations for the case in which the weight of the gate is neg-
ligible. Common on the result as § — 0.

2.99 fwis An open tank has a vertical partition and on one side
contains gasoline with a density p = 700 kg/m® at a depth of 4 m,
as shown in Fig. P2.99. 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, A,
will the gate start to open?

Partition

Gasoline

Hinge
N Figure P2.99

2.100 (W& A 4-ft by 3-ft massless rectangular gate is used to
close the end of the water tank shown in Fig. P2.100. A 200-Ib
weight attached to the arm of the gate at a distance ¢ from the fric-
tionless 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 £.

B Figure P2.100

2.101 The rigid gate, OAB, of Fig. P2.101 is hinged at O and rests
against a rigid support at 8. What minimum horizontal force, P, is
required to hold the gate closed if its width is 3 m? Neglect the
weight of the gate and friction in the hinge. The back of the gate
is exposed to the atmosphere.

2.102 (W A rectangular gate that is 2 m wide is located in the
vertical wall of a tank containing water as shown in Fig. P2.102.
It is desired to have the gate open automatically when the depth of
water above the top of the gate reaches 10 m. (a) At what distance,
d, should the frictionless horizontal shaft be located? (b) What is
the magnitude of the force on the gate when it opens?



