MYOH PROBLEMS

1.15 Make use of Table 1.3 to express the following quantities in
SI units: (a) 10.2 in./min, (b) 4.81 slugs, (¢) 3.02 1b, (d) 73.1 ft/s*,

(e) 0.0234 1b - s/ft>.
1.24 Clouds can weigh thousands of pounds due to their liquid
water content. Often this content is measured in grams per cubic
meter (g/m?). Assume that a cumulus cloud occupies a volume of
one cubic kilometer, and its liquid water content is 0.2 g/m3. (a)
What is the volume of this cloud in cubic miles? (b) How much

does the water in the cloud weigh in pounds?

1.25 A tank of oil has a mass of 25 slugs. (a) Determine its weight
in pounds and in newtons at the earth’s surface. (b) What would
be its mass (in slugs) and its weight (in pounds) if located on the
moon’s surface where the gravitational attraction is approximately

one-sixth that at the earth’s surface?

1.40 A compressed air tank contains 5 kg of air at a temperature
of 80 °C. A gage on the tank reads 300 kPa. Determine the vol-

ume of the tank.

1.41 A rigid tank contains air at a pressure of 90 psia and a tem-
perature of 60 °F. By how much will the pressure increase as the
temperature is increased to 110 °F?

1.54 Calculate the Reynolds numbers for the flow of water and
for air through a 4-mm-diameter tube, if the mean velocity is 3 m/s
and the temperature is 30 °C in both cases (see Example 1.4). As-
sume the air is at standard atmospheric pressure.



1.59 For a parallel plate arrangement of the type shown in Fig,
1.5 it is found that when the distance between plates 1s 2 mm, a
shearing stress of 150 Pa develops at the upper pl.ate when it 1s
pulled at a velocity of 1 m/s. Determine the viscosity of the fluid

between the plates. Express your answer in SI units.

1.60 Two flat plates are oriented parallel above a fixed lower plate

as shown in Fig. P1.60. The top plate, located a distance b above

the fixed plate, is pulled along with speed V. The other thin plate

is located a distance c¢b, where 0 < ¢ < 1, above the fixed plate.
This plate moves with speed V,, which is determined by the vis-
cous shear forces imposed on it by the fluids on its top and bot-
tom. The fluid on the top is twice as viscous as that on the bot-
tom. Plot the ratio V,/V as a function of ¢ for 0 < ¢ < 1.

i

HFI R E P1.60

1.65 A layer of water flows down an inclined fixed surface with
the velocity profile shown in Fig. P1.65. Determine the magnitude
and direction of the shearing stress that the water exerts on the fixed

surface for U = 2m/sand 2 = 0.1 m.

BRFIGURE P1.65



2.6 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.

2.17 Equation 2.12 provides the relationship between pressure and
elevation in the atmosphere for those regions in whlph the
temperature varies linearly with elevation. Derive this equation and
verify the value of the pressure given in Table C.2 in Appendix L
for an elevation of 5 km.

2.28 A U-tube manometer is connected to a closed tank containing
air and water as shown in Fig. P2.28. At the closed end of the

o il Closed valve

Air pressure = 16 psia

Gage fluid » ' g)
(7 =90 Ib/ft3) e | Pressure
gage

BFIGURE Pp2.2g



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.

2.29 A closed cylindrical tank filled with water has a hemispherical
dome and is connected to an inverted piping system as shown in Fig.
P2.29. 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 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

I FIGURE P2.29



232 For the inclined-tube manometer of Fig. P2.32 the pressure
in pipe A is 0.6 psi. The fluid in both pipes A and B is water, and
!:he 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?

BFIGURE P2.32

3.6 What pressure gradient along the streamline, dp/ds, is required
to accelerate water in a horizontal pipe at a rate of 30 m/s*?

3.14 Water flows around the vertical two-dimensional bend with
circular streamlines and constant velocity as shown in Fig. P3.14.
If the pressure is 40 kPa at point (1), determine the pressures at
points (2) and (3). Assume that the velocity profile is uniform as

indicated.
4m
(3)
2m e
1m >
—>1V = 10m/s
(2) >
(1)

BFIGURE P3.14



3.45 Water flowing from the 0.75-in.-diameter outlet shown in

Video V8.14 and Fig. P3.45 rises 2.8 in. above the outlet. Deter
mine the flowrate.

|

2.8 in.

0.75 in.

BFIGURE P3.45

3.58 As shown in Fig. P3.58, water from a large reservoir flows
without viscous effects through a siphon of diameter D and into a
tank. It exits from a hole in the bottom of the tank as a stream of di-
ameter d. The surface of the reservoir remains H above the bottom

B FIGURE P3.58

of the tank. For steady-state conditions, the water depth in the tank,

h, is constant. Plot a graph of the depth ratio 4#/H as a function of the
diameter ratio d/D.



tSh.(CS(L XEV;tlzrn Zx:ltss :;1 glpe as a.free jet and flows to a height h aboye
it el wn in Fig. P3.60. The flow is steady, incom.

. , an 'nctlonless. (a) Determine the height h. (b) Deter
mine the velocity and pressure at section (D).

-in. diameter

7 T

BFIGURE P3.60

3.64 Water flows steadily with negligible viscous effects through

the pipe shown in Fig. P3.64. It is known that the 4-in.-diameter
section of thin-walled tubing will collapse if the pressure within it
becomes less than 10 psi below atmospheric pressure. Determine
the maximum value that s can have without causing collapse of the

tubing.

4-in.-diameter thin-walled tubing

P

6 in.

BFIGURE P3.64



3.68 Water flows steadily from the large open tank shown in i
P3.68. If viscous effects are negligible. determine (a) the flowrar
0, and (b) the manometer reading, A.

o 09

T
2m
|

]

008m  Mercury
0.10 m

HRFIGURE P3.68

4.71 Water flows through the 2-m-wide rectangular channel
_shown in Fig. P4.71 with a uniform velocity of 3 m/s. (a) Directly
1ntegrate Eq. 4.16 with b = 1 to determine the mass flowrate (kg/s)
across section CD of the control volume. (b) Repeat part (a) with

b = 1/p, where p is the density. Explain the physical interpretation
of the answer to part (b).

————— Control surface
BFIGURE P4.71



4.72 The wind blows across a field with an approximate velocity
profile as shown in Fig. P4.72. Use Eq. 4.16 with the parameter )
equal to the velocity to determine the momentum flowrate across the
vertical surface A—B, which is of unit depth into the paper.

15 ft/s

>

| 1

&

Y

20 ft

—————————————h——

\

7

7

7
7
7

G b A
EFIGURE P4.72

5.9 The wind blows through a 7 ft X 10 ft garage door opening
with a speed of 5 ft/s as shown in Fig. P5.9. Determine the average
speed, V, of the air through the two 3 ft X 4 ft openings in the win-
dows.

16 ft

a
< 22 ft —|

BFIGURE P5.9




5.12 A hydraulic jump (see Video V 10.10) is in place downstream
from a spillway as indicated in Fig. P5.12. Upstream of the jump
the depth of the stream is 0.6 ft and the average stream velocity i;
18 ft/s. Just downstream of the jump, the average stream velocity is
3.4 ft/s. Calculate the depth of the stream, h, just downstream of

the jump.

BEFIGURE P5.12

5.21 As shown in Fig. P5.21, at the entrance to a 3-ft-wide channel
the velocity distribution is uniform with a velocity V. Further down-
stream the velocity profile is given by u = 4y — 2y?, where u is in
ft/s and y is in ft. Determine the value of V.

IFIGURE P5.21



5:24 Flow of a viscous fluid over a flat plate surface results in e
development of a region of reduced velocity adjacent to the wetteq
surface as depicted in Fig. P5.24. This region of reduced flow i
f:alled a boundary layer. At the leading edge of the plate, the veloé.
ity profile may be considered uniformly distributed with a value ¢
All along the outer edge of the boundary layer, the fluid veloc'u)-:
component parallel to the plate surface is also U. If the x direction

velocity profile at section (2) is

u (y>l/7
U \&

develop an expression for the volume flowrate through the edge of
m the leading edge to a location downstream

the boundary layer fro
at x where the boundary layer thickness is 0.

Section (2)
Section (1) \ U._ Outegfedge
|-~~~ boundary

layer

IFIGURE P5.24

S.42 The four devices shown in Fig. P5.42 rest on frictionless
V}'hee]s_ are restricted to move in the x direction only, and are ini-
tially held stationary. The pressure at the inlets and outlets of cach
1s atmospheric. and the flow is incompressible. The contents of
each device is not known. When released, which devices will move

to the right and which to the left? Explain.

(a) (h)

(c)
BEFIGURE P5.42



5.45 Determine the magnitude and direction of the anchoring f

pecc!cd to hold the horizontal elbow and nozzle Combinationgshorce
in Fig. P5.45 in place. Atmospheric pressure is 100 kPa(abs ) %‘%n
{;agc pressure at section (1) is 100 kPa. At section (2), the Watx;r 1
its to the atmosphere. o

160 mm

e
=

Section (2)

V,

300 mm

'

Ny

x

v —

)

Water

f

‘\Section (1)

p, = 100 kPa
Vl =2m/s

HmM FIGURE P5.45

5.46 Water flows as two free jets from the tee attached to the pipe
shown in Fig. P5.46. The exit speed is 15 m/s. If viscous effects
and gravity are negligible, determine the x and y components of the

force that the pipe exerts on the tee.

V=15 m/s
Area = 0.3 m?

V= 15 m/s

Area = 0.5 m2

*
MPipe

\Tee

M FIGURE P5.46
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3.58 Water is sprayed radially outward over 180° 4 ;. ..
Fig. P5.58. The jet sheet is in the horizontal plape, If t};”‘!'catedi
ity at the nozzle exit is 20 ft/s, determine the directiop €e ve]oci’
tude of the resultant horizontal anchoring force requiredatgdh Ja,g,,i~
0ld the

nozzle in place.

1

——’ i&lﬁn.

20 ft/s

BFIGURE P5.58

5.59 A sheet of water of uniform thickness (2 = 0.01 m) flows
from the device shown in Fig. P5.59. The water enters vertically
through the inlet pipe and exits horizontally with a speed that varies
linearly from O to 10 m/s along the 0.2-m length of the slit. Deter-
mine the y component of anchoring force necessary to hold this de-

vice stationary.

B FIGURE P5.59



5.66 The thrust developed to propel the jet ski shown in Video

V9.11 and Fig. P5.66 is a result of water pumped through the vehi-
cle and exiting as a high-speed water jet. For the conditions shown
in the figure, what flowrate is needed to produce a 300-1b thrust?

Assume the inlet and outlet jets of water are free jets.

3.5-in.-diameter
outlet jet

2 inlet area

' 30°\
25-in.
BFIGURE P5.66

5.109 The pumper truck shown in Fig. P5.109 is to deljye

1.5 ft*/s to a maximum elevation of 60 ft above the hydrant, ‘I
pressure at the 4-in.-diameter outlet of the hydrant is 10 psi. If hc‘;;rj
losses are negligibly small, determine the power that the pun:\,p

must add to the water.

60 ft

10 psi
4-in.
diameter

Hydrant
BEFIGURE P5.109



P5.110 passes 8 million

5. 110 The hydroelectric turbine shown in Fig
lllilXillNlll\ amount of

gal/min across head of 600 ft. What is the
power output possible? Why will the actual amount be less?

Turbine

BFIGURE P5.110

5.113 Water is supplied at 150 ft’/s and 60 psi to a hydraulic tur-
bine through a 3-ft inside diameter inlet pipe as indicated in Fig.

P5.113. The turbine discharge pipe has a 4-ft inside diameter. The
static pressure at section (2), 10 ft below the turbine inlet, is 10-in.
Hg vacuum. If the turbine develops 2500 hp. determine the power

lost between sections (1) and (2).

0 =150 ft¥fs

Section (1) . D, =31t

Turbine

10 ft

Py = 10-in. Hg
vacuum

D2= 4 ft

\ Section (2)

| F1GURE P5.113



5.116 Water is pumped from the large tank shown in Fig. P5.116.
The head loss is known to be equal to 4V?/2g and the pump head is

h, = 20 — 407, where h,, is in ft when Q is in ft*/s. Determine the
flowrate.

Pipe area = 0.10 ft2
IFIGURE P5.116

5.118 Water flows by gravity from one lake to another as sketched in
Fig. P5.118 at the steady rate of 80 gpm. What is the loss in available
energy associated with this flow? If this same amount of loss is asso-
ciated with pumping the fluid from the lower lake to the higher one at
the same flowrate, estimate the amount of pumping power required.

BEFIGURE P5.118



8.2 Water flows through 2 50-ft pi
€ o - )
5 ]

gal/min. What fraction of this pipe

region?

8.8 Carbon dioxide at 20 °C and a pressure of 550 kPa (abs) floys
in a pipe at a rate of 0.04 N/s. Determine the maximum diameter q)-

lowed if the flow is to be turbulent.

8.27 Asphalt at 120 °F, considered to be a Newtonian fluid with
a viscosity 80,000 times that of water and a specific gravity of 1.09,
flows through a pipe of diameter 2.0 in. If the pressure gradient is
1.6 psi/ft determine the flowrate assuming the pipe is (a) horizon-

tal; (b) vertical with flow up.

8.35 /\s shown in Video V8.9 and Fig. P8.35, the velocity profile
for laminar flow in a pipe is quite different from that for turbulent
flow. With laminar flow the velocity profile is parabolic; with tur-
bulent flow at Re = 10,000 the velocity profile can be approxi-
mated by the power-law profile shown in the figure. (a) For lami-
nar flow, determine at what radial location you would place a Pitot

Turbulent with Re = 10,000
/ =y L]
. \\ Ve {1 R\
e ™
r \‘%
® P
"”'m,,\%
Laminar with Re < 2100 ™
u _1_[r)2 «
o5 v! (%] \
u
% B
] Y, Je=
i L ) ; . [ —
"o - 0.5 1.0
X,
VC

B FIGURE P8.35



8.42 Water flows through a horizontal plastic pipe with a diameter
of 0.2 m at a velocity of 10 cm/s. Determine the pressure drop per

meter of pipe using the Moody chart.
3330 A 40-m-long, 12-mm-diameter pipe with a friction factor of
P.8 2 l]S) used Fo siphon 30 °C water from a tank as shown in Fig.
33, e.terrmr.le .the maximum value of A allowed if there is to be
no cavitation within the hose. Neglect minor losses.

30m

BEFIGURE P8.53



