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Chapter 1

1.1 Determine the dimensions, in both the FLT system and the
MLT system, for (a) the product of mass times velocity, (b) the
product of force times volume, and (¢) kinetic energy divided

by area.
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1.2 Determine the dimensions, in both the FLT system and the
MLT system, for (a) the product of force times acceleration, (b) the

product of force times velocity divided by area, and (€) momentum
divided by volume.
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1.3 If V is a velocity, determine the dimensions of Z, @, and G,
which appear in the dimensionally homogeneous equation

V= 2 (x-1) + &
[L77] % [2][«~1] + [4]
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1.4 According to information found in an old hydraolics book, the
energy loss per unit weight of fluid flowing through a nozzle con-
nected to a hose can be estimated by the formula

h= (004 to 0.09)(DVd)*V¥2g
where h is the energy loss per unit weight, [J the hose diameter, 4
the nozzle tip diameter, V the fluid velocity in the hose, and g the

acceleration of gravity. Do you think this equation is valid in any
system of units? Explain.

4 = (0.04 4 6.09) /5)"‘2%&

[ [oone ool [ 5 ][E]
[L]2[0.04 4 0.09] [L]

Smce each term in The egua,!/o'n must have The
Same a’/'mmsxoh_s/ he Constant +erm (0.04% 4 0.09) must
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homogeneous efaa,ém}, Phat s Valid 11 any 5ystem
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1.5 The force, P, that is exerted on a spherical particle moving
slowly through a liquid is given by the equation

P = 3mulV

where u is a fluid property (viscosity ) having dimensions of FL7'T,
I} is the particle diameter, and V is the particle velocity. What are
the dimensions of the constant, 377 Would you classify this equa-
tion as a general homogeneous equation?

P= 3maDV
(F] = Brilee=rLl 7]

[F]= [am] [F]

4 ST s a’/'mens/on/:ss , and The éjam‘ion-

s a 7enera/ homoﬁeneaus egaa./'ian. )’es.

1.6 For Table 1.3 verify the conversion relationships for: (a) area,
(b) density, (¢) velocity, and (d) specific weight. Use the basic
conversion relationships: 1 ft = 02048 m; | Ib = 4.4482 N; and
1 slug = 14.594 kg.

@) [ FF= (1 ft‘}[/as«:w)izr."% 0.09290 m™
_é?.
Thus, multiply 4% by 9 290 E-1 +o convert
fo m *,
3
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7/1us} mu/f;p/g 5/4/55/#{:3 éj 515% E+2 4o convert
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cc) |/ fgf..— (/ ?)(0.30%%—?): 0 3048 2

774'us) mu///'p/g -/z‘/s Ag 3 048 E-] convert
'Lzo 477-/5.

3
@) | 7@3 (/ /f’ (4# #i /v)[(o Zf:é’)'g _-]

= [5]/ -A‘/"
Thus multiply /é/ﬁ" by 511 Et2 o convert
+o /V//m3

1.7 For Table 1.4 verify the conversion relationships for: (a) accel-
eration, (b) density, (¢) pressure, and (d) volume flowrate. Use the
basic conversion relationships:l m = 3.2808 fi; 1N = 0.224811b:
and 1 kg = 0.068521 slug.

: //-E":)(3.2802 %)z 3201 *%

(a) [ o
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Thus, rrultiply m/s? by 3.48] to convert
to ft/s*
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1.8 A tank contains 375 kg of a liquid whose specific gravity is
3.5. Determine the volume of the liquid in the tank.

The volume is related to the mass and fluid density by

m
V=—
il

density of the liquid is related to the density of liquid water at 4 C by
p = 5G - przo

Where the density of water at 4 C is 1000 kg/m> The volume of the tank is then determined by
m 375kg
V= —=——"-"=0107m?°

P 35-1000%9

m3



1.9 A tank of oil has a mass of 47 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 it were located on the
moon's surface where the gravitational attraction is approx imately
one-sixth that at the Earth's surface?

The relation between mass and weight is given by Newton’s Second Law
W=mg

(a) At the Earth’s surface the gravitational attraction is 32.2 ft/s”. With the mass in slugs. the
weight in pounds 1s
ft Ib s?

W =47 slugs-32.2—-1

———=15131b
s slug ft

Using the conversion factor in Table 1.3 on the mside of the text cover. the weight in newtons 1s

4448 N
W =15131b I 6730N

(b) The mass of an object is independent of gravity. so at the moon’s surface the mass would still
be 47 slugs. The gravitational attraction at the Moon's surface is approximately 5.4 ft/s® so the

weight on the moon would be

W= 47 stugs 54151225 _oean
= 47 slugs - 5.4 3 Sug Fi =

110 A certain object weighs 450 N at the Earth's surface.
Determine the mass of the object in kilograms and its weight in
newtons when located on a planet with an acceleration of gravity
equal to 23.0 fi/s®

The relation between mass and weight 1s given by Newton’s Second Law
W=mg

At the Earth’s surface the gravitational attraction is 9.81my/s”. The mass at the Earth’s surface is
then

W 450 N
m=—= — m- 45.9 »ICQ'
g 9‘.818—2

The mass on the planet is the same as that on Earth since the mass is independent of gravitational
attraction. The acceleration of gravity of 23.0 ft/s” is converted to m/s” using the conversion
tactor of 0.3048 m/ft found in the table on the inside cover of the text. The acceleration of
gravity is then 7.01 m/s® . The weight on the planet is then

m
W =459kg-7.01— =322 N
s



1.11 A mountain climber's oxygen tank contains 1.8 Ib of oxygen
when it is filled at sea level where the acceleration of gravity
is 32.174 ft/s". What would be the weight of the oxygen in the

tank at the top of Mt. Everest where the acceleration of gravity is
32.082 f/s*?

The mass of oxygen in the tank is the same both at sea level and the top of Mt Everest. The
relation between mass and weight in the EE system is given by Newton’s Second Law

I'."l«’zmi
Ge

Where g is the sea level value of acceleration due to gravity and g, is a conversion factor. At the
top of Mt Everest. the weight in pounds is determined using Newtons

W = m 9mt Everet m 9 9Mmt Everet GMt Everet
— g 2L Sveret |, & S averet repel —— Tt
de e Yseaievel seatere Gsea ievel
or
32.[}82f—§
W =181b —jit =1.793 Ib
32.174—=

g2

1.12 The specific weight of a certain liguid is 85.3 I/t
Determine its density and specific gravity.

b
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L.13 A liguid when poured into a graduated cylinder is found
to weigh 8 N when occupying a volume of 500 ml (milliliters).
Determine its specific weight, density, and specific gravity.

weight gN - e AN
volume (0.5‘00!)(/0"3%"_’) '

3 N
- J = 'e 2./ ks = /63 xlo‘}"ég
e g 9.5 29 m?>

5= —
3 4
# /63 %10 S5
S5 = = = = L3
P o s o7 % —
Hy 0 3

1.14 The density of a jet fuel is 685 kg/m’. What is its specific
gravity and specific weight?

The specific gravity is defined by Eq. 1.7

SG = P

PH20 ac

Where the density of water at 4 C is 1000 kg/m’. For jet fuel. the specific gravity is

o 685 X9
SG = = M~ — 0.685
PH204C 1000 kg

m3

The specific weight is related to the density through Newton’s Law and given by
Y =pg

Where g 1s the gravitational attraction. 9.8 m/s2. The specific weight of jet fuel 1s then
kg m Ns? N

y =685 —-98—-1 = 6710—

m? s kgm m?




1.15 Determine the mass of air in a 2m* tank if the air is at room
temperature, 20 °C, and the absolute pressure within the tank is
200 kPa (abs).

m=QV where V=2m" and
e=p/RT with T=20% -'(zo+2?3)K 293 K
and = 200kPq = zaoxw
Thus, |
Q = (200x fﬁjg—;.)/[(z,&ﬁx;g;%)(lﬁ K)]
=238 4

Hence,
m =p‘l/=' 2.38-:;:35 (2m°) = 475 kz

1.16 A tire having a volume of 3 ft® contains air at a gage pressure
of 26 psi and a temperature of 70 “F. Determine the density of the
air and the weight of the air contained in the tire.

/-24» HH )(w )
(/7/4 i ] )[(70;’1—%0)'?:’

slu j

slugs

<3
0
= & 44X %

/"RT

W

we}_glré = /03 x volume :(6.6‘6‘ 10 i%‘) (?Z.Z ..f.’.i) (?-Fés)

= 0622 /1,=




1.17 Make use of the data in Appendix B to determine the dynamic
viscosity of mercury at 75 “F. Express your answer in BG units.

T, = -75 (T -32)= Z (797 -32) = 23.9°C

From F?'y, B/l in A Ippfndf'x B:

-3 AL S
/((”"ffwa sf T5°F(23.9°¢)) = L5x/0 %n—z

/a :‘:,(/.5x153 %«{) (.?.039 1o /—fz'f; ):: 3'/’(/55%:52_‘

m=>=

1.18 Carbon dioxide is compressed to a density of 6.5 kg/m® under
an absolute pressure of 400 kPa. Determine the temperature in
degrees Celsius.

The density is related to the pressure and temperature through the ideal gas law
p

PRt

Where R is the gas constant for the particular gas. The gas constant for carbon dioxide 1s 188.9

J/kg-K (Table 1.6). The temperature is then
D 400 - 10%Pa

:R_p:

= 325.8K = 52.6C

. J . -kg
1889 % 6.5 3



1.19 A tank having a volume of 7 ft’ is filled with 1 1b of a gas.
A pressure gage attached to the tank reads 18 psi when the gas
temperature is 65 F. No one knows whether the gas in the tank
is carbon dioxide, oxygen or nitrogen. Which do you think it is?
Explain how you arrived at your answer.

The approach will be to use the ideal gas relation to solve for the gas constant. and then see
whether the constant is near the tabulated values for one of these substances. The ideal gas
relation 1s

The density is determined from the volume and mass

~m_1lbm 0.1429 lb 1 slug 000444331;_{;
Py =9 ft® "3221bm ft3

Or. solving for R and using the known temperature and pressure

18psi - 14415
R="- = b in? 393000
PT  0.00444 % 424.7R slug R

From Table 1.7. the gas constant closest to this value 1s carbon dioxide. The tank probably
contains carbon dioxide and the value of R 1sn’t exact as the pressure and temperature gages are
not all that accurate.

1.20 A rigid tank contains air at a pressure of 90 psia and a tem-
perature of &0 F. By how much will the pressure increase as the
temperature is increased to 110 F?

The ideal gas law will be used to determine the pressure increase. The relation is
p

RT

Because the tank is rigid. the volume and mass. and thus the density. are constant. The pressure
and temperature at the two conditions can be related as

_ P P2
P = RT, " RT,
Or
T, (110 + 459.6)R

= p,—2 =90 . = 97.7psi
P2 = P = P e 459 6)R psta



1.21 Oxygen at 30 °C and 300 kPa absolute pressure expands

isothermally to an absolute pressure of 120 kPa. Determine the
final density of the gas.

For isothermal expansion /-Eé = constqnt so That

ja:. = ;:’F where L~ initial state and

+~ Linal state.

7/1/45)
A
_ﬂf - ?;’f /4'
'4/50) _ﬁ 3
/ZO_: s o 300X 10 — 578/ é}
R (d59, 8 )[/30‘&.173)5] el
56 That 3
/20 é/i
/i 300 £ Fa )/5 £l m 3

1.22 Determine the ratio of the dynamic viscosity of water to air

at a temperature of 60 “C. Compare this value with the correspond-
ing ratio of kinematic viscosities. Assume the air is at standard
atmospheric pressure.

From 725/: '5,2 1n A ppendis B:
- 2 _ -7 2
(For water at bo*C) A= 4465 %10 %—f_ 3 2/ = 474540 }ﬂz

From Table B4 in Apopendiv B

=5 2
(hr ar at Go°¢) = 197010 25 ; v=[5xl0” ¥
Thas) %
/"H,a 6‘665&10

- = 23c7
Aasr ATl =

3
%1,0 = w
~F

= 2655x)0"%




1.23 A thin layer of glycerin flows down an inclined, wide plate

with the velocity distribution shown in Fig. P1.23. For h = 0.3
in. and, @ = 20° determine the surface velocity, U. Note that for

equilibrium, the component of weight acting parallel to the plate
surface must be balanced by the shearing force developed along the
plate surface. In your analysis assume a unit plate width.

B Figure P1.23
e s 4
¢ ‘f* \/"
ZF =0 »
’Thus, %o. /'T:,fﬂ)
W simzo®= T, L)
and with ) = YLKO)
SLh(1)simz0°= T, 401)
w Yh sinz = T, (1)

A“l‘ ‘ﬂoe Pla'l:c.
du

T =/A dg )5=o



S ince. du _ 2U 2U Y

dy = h h*
(d_\_a = 22U
49 )y=p h
Thus, From Eg. (1)
Yhsinzow = p &Y
and i g a’hzzslln 28"

rA
= (78‘:%5 (—o,‘;? ‘)Ct) sin ZO’:: OZLS £t
_ g

-2 |l
2 (313x0* 123)



1.24 One type of rotating cylinder viscometer, called a Stormer
viscometer, uses a falling weight, W, to cause the cylinder to rotate
with an angular velocity, w, as illustrated in Fig. P1.24. For this
device the viscosity, g, of the liquid is related to ‘W and @ through
the equation W = Kuw, where K is a constant that depends only
on the geometry (including the liquid depth) of the viscometer.
The value of K is usually determined by using a calibration liquid
(a liquid of known viscosity).

(A) Some data for a particular Stormer viscometer, obtained using
glycerin at 20 “C  as a calibration liguid, are given below. Plot
values of the weight as ordinates and values of the angular velocity
as abscissae. Draw the best curve through the plotted points and
determine K for the viscometer.

Wb | 0.22 | 0.66 | 1.10 | 154 | 220
w(rev/s) | 053 | 159 | 279 | 383 | s49

(b) A liquid of unknown viscosity is placed in the same viscometer
used in part (a), and the data given below are obtained. Determine
the viscosity of this liquid.
W (lb) | 0.04 | .11 | 0.22 | 0.33 | .44
wirevis) | 072 | 189 | 373 | 544 | 742

Fixed outer
cylinder

B Figure P1.24
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125 In a test to determine the bulk modulus of a liquid it was
found that as the absolute pressure was changed from 15 to 3000
psi the volume decreased from 10.240 to 10.138 in.” Determine the
bulk modulus for this liquid.

E, = - d%%{ (Eg. 112)

Since dp x Ap = 3000-15= 2985 psi

WA gen AV = J0.240- 10733 < 002 in®
gz~ 2150 g0p it pa

( o, /102 117 )
(0. 2%0 In?



126 The kinematic viscosity and specific gravity of a liguid are
7 107" m¥s and 1.4, respectively. What is the dynamic viscosity of
the liquid in 5I units?

The relation between the dynamic viscosity and the kinematic viscosity is

u
vV=—
I,
The density is determuned from the specific gravity and the density of water at 4 C as
k k
m
The dynamic viscosity is then
m? kg kg Ns
pu=vp=7-10"3— '1400— =98—=98—7
s m ms m

127 Calculate the Reynolds numbers for the flow of water and for
air through a 9-mm-diameter tube for conditions of a mean velocity
of 1.5 m/s, a temperature is of 20 C, and atmospheric pressure. (see
Example 1.4).

The Reynolds number is defined as
pVD

n

Re =

For water at 20 C. the density is 998.2 kg/m’ and the dynamic viscosity is 0.001002 N s/m’. The
Reynolds number is then

oVD 998.2%- 157+ 0.009m

Re = = e = 13,300
H 0.001002 >

For air at 20 C. the density is 1.204 keg/m’ and the dynamic viscosity is 1.82x10” N s/m’. The
Reynolds number is then

pVD 12(}4kg 157+ 0.009m

Re — — e =893
K 1.82- 10_5?




128 SAE 30 oil at 95 F flows through a 1.2-in-diameter pipe
with a mean velocity of 6 ft/s. Determine the value of the Reynolds
number (see Example 1.4).

The Reynolds number is defined in terms of either the dynamic or kinematic viscosity as
pVD VD

1 v

Re

For SAE oil at 95 F (35 C). the kinematic viscosity is about 2.5x10™* m%/s (Figure B.2). which
corresponds to 0.0027 ft*/s. The Reynolds number is then

£ 2
VD 5f?ﬁff
Re = — o 220
Vo p.0027L—

1.29 For a parallel plate arrangement of the type shown in Fig. 1.5,
when the distance between plates is 3 mm, a shearing stress of
275 Pa develops at the upper plate when it is pulled at a velocity
of 1.2 m's. Determine the viscosity of the fluid between the plates.
Express your answer in Sl units.

The velocity profile for a parallel plate arrangement in which the top plate is moving and the
bottom plate 1s stationary is linear, as shown in the sketch,

vV
ﬂ’
2h e
7 T y
/
The shear stress 1s given by
_du
T=U e

For the linear velocity profile. the velocity gradient is constant and the shear stress is given then

by
du Au V

dy: #ﬂy ~ Hon

T=pu

The viscosity is then
2h 275p 0.003m g
U=T——= a-———=10.
4 127 m?



1.30 A 50-mm-diameter shaft is pulled through a cylindrical bearing as shown in Fig. P1.30. Oil with a kinematic viscosity of 2x10™*

m?/s and a specific gravity of 0.72 fills the 0.25-mm gap between the shaft and bearing. Determine the force P required to pull the
shaft at a velocity of 2.5 m/s. Assume the velocity distribution in the gap is linear.

‘ Bearing ‘ Lubricant
P
Shaft —

| 0.5m J

B Figure P1.30

Assuming that the velocity profile in the gap is linear, the velocity distribution across the gap 1s
as shown in the sketch,

2h TY

The shear stress is given by

du
T = F.E

For the linear velocity profile, the velocity gradient is constant and the shear stress is given then
by
_du Au V¥
e 'udy_ 'uﬂy ~ Hon

The force is the area times the shear stress and is then

Vv
F=1A= #E ‘DL
The dynamic viscosity is the product of the kinematic viscosity and density, and the density is
the specific gravity times the density of water at 4C
kg
=

2

m N s
w=pv=_SGpyov=072-1000 2-1{]_4T=U.144—F

The force is then
250

v Ns S
F= ﬂﬂ' DL = 0.144F'm [ 0050?]’1 - 0.5'11’1 =113 N



131 A piston having a diameter of 4.3 in. and a length of 6.7 in.
slides downward with a velocity V' through a vertical pipe. The
downward motion is resisted by an oil film between the piston and
the pipe wall. The film thickness is 0.0015 in., and the cylinder
weighs (.35 Ib. Estimate V' if the oil viscosity is 0.0075 1bf sift’.
Assume the velocity distribution in the gap is linear.

¥ T l 0.015 in.
—

The forces acting on the piston for steady motion are the weight and the shear force in the oil.
The force balance in the positive y-direction 1s
Fsnear =W =0

Where the shear force is the product of the shear stress and the piston surface area
Fenegr = TA = DL

The shear stress is the product of the viscosity and the velocity gradient at the wall. Assuming
that the velocity distribution in the gap is linear, the velocity gradient is the difference in the

piston and wall velocity (which is zero) divided by the film thickness t.
_du_ Au V-0 V
T P

The force balance becomes
v
Fshear_w :ﬂ?HDL_W — 0
The velocity 1s then

Wt ft
V= = 0.00928 —
umDL s

in
=0.114—
s



132 A layer of water at 25 C flows down an inclined fixed surface
with the velocity profile shown in Fig. P1.81. Determine the mag-
nitude and direction of the shearing stress that the water exerts on
the fixed surface for U'= 1.8 m/s and h = 0.08 m.

B Figure P1.32

The shear stress at the surface 1s given by

Ts = |H

rita]

dy y=0

The velocity gradient at the wall is
du] B [ d - (2 y },2)‘ B [U(Z Zy)] _y 2
d}r y=0 d_}’ h h? y=0 h h? y=0 h

The viscosity of water at 25 C from Table B.2 is 9.00x10™ N s/m”. The shear stress is then

2 Ns m N
f.=pulU==9.00-10"4—-1.8—- = 0.0405 —
h m2 s 0.08m m?2




133 Calculate the speed of sound in m's for (a) gasoline, (b) mer-
cury, and (€) seawater.

c=1\l By (Eg././?)
A
(a) For 7450//}9; S VI PV N _ /39 Ao
680 22, =
an
1wy

(6) For mercury : ¢ = 2.85x10° 52 o diii By
136 X Ip* 22, 3

¢ N/ !
1o3x% 107k .
77

1.34 Compare the isentropic bulk modulus of air at 101 kPa (abs)
with that of water at the same pressure.

For air /52./'/7))
E'}, = ﬁfb = //:’7‘0)//0/4\’/03/2;) = L&/ "/95-/2

For water (i) 44)
E,= 215167~

Thus,
Ey /w:::ée»—) . P P 7 gt /09,%

E'y (d/r) L %1 X 1055

/5.2 x/o?




135 Jet airliners typically fly at altitudes between approximately
0 to 40,000 ft. Make use of the data in Appendix C to show on a
graph how the speed of sound varies over this range.

C= |ART (Eg. /20)

fo, A=/%0 anq R= 174 FE

Shig-R
C= %90 [/ 71%®)

From Table C. | 14 Appendix C at an altitude ot O £
7= 5%00+ %o = S/19°R  se Thed

Cx 490 V57976 = /174 3554-

Similav caleulations Can be piade +or Hher alditudes
and The resulting grph is shown below.




Altitude, . Temp.2F _ Temp.’R G fUs
0 59 519 1116
5000 41.17 501.17 1097
10000 23.36 48336 1077
15000 5.55 465.55 1057
20000 -12.26 44774 1037
25000 -30.05 42995 1016
30000 -47.83 412.17 995
35000 -65.61 394,39 973
40000 -69.7 390.3 968

1120 -
{160 |

0 \ '

E‘an

-gwso ’ \

: |

Qo \J
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® ;
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21000
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1
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1.36 When a fluid flows through a sharp bend, low pressures may develop in localized regions of the bend. Estimate the
minimum absolute pressure (in psia) that can develop without causing cavitation if the fluid is water at 140 F. Will the

pressure be lower or higher if the temperature is less?

The minimum absolute pressure that can develop without causing cavitation is the vapor pressure

of water at 140 F. From Table B.1. the vapor pressure is
P, = 2.88 psia

If the temperature is less. the vapor pressure will be less.



1.37 A partially filled closed tank contains carbon tetrachloride at 100 F. If the air above the alcohol is evacuated, what is
the minimum absolute pressure that develops in the evacuated space? Will the pressure be lower or higher if the

temperature is less?

The minimum absolute pressure that can develop without causing cavitation is the vapor pressure
of carbon tetrachloride at 100 F. From sources on the web, the vapor pressure at 100 F(278 K) 1s

0.248 atm. or
Py = 3.64 psia

If the temperature is less. the vapor pressure will be less.

1.38 Estimate the minimum absolute pressure (in pascal and atmospheres) that can be developed at the inlet of a pump to

avoid cavitation if the fluid is ethyl alcohol at 30 C.

The minimum absolute pressure that can develop without causing cavitation is the vapor pressure
of water at 30 C. From Table B.2. the vapor pressure is

Py = 4243 —
m

A pascal equals 1 N/m’. so the pressure is also
Py = 4243 pascal

An atmosphere equals 1.013x10°N/m’, so the pressure in atmospheres is

1203 N

Py = m - = 0.0418 atm
1.013-105—
m

139 When water at 45 C flows through a converging section of
pipe. the pressure decreases in the direction of flow. Estimate the
minimum absolute pressure that can develop without causing cavi-
tation. Express your answer in both BG and 51 units.

The minimum absolute pressure that can develop without causing cavitation 1s the vapor pressure
of water at 45 C. From Table B.2. the vapor pressure is

Py = 9850@

The temperature of 45 C corresponds to 113 F. Converting from N/m” to psia yields
p, = 1.43psia

The temperature of 45 C corresponds to 113 F. Using Table B.1 also vields
1, — L43psia



140 An open 2-mm-diameter tube is inserted into a pan of ethyl
alcohol, and a similar 4-mm-diameter tube is inserted into a pan of
water. In which tube will the height of the rise of the fluid column

due to capillary action be the greatest? Assume the angle of contact
is the same for both tubes.

= 20 Cos5 & : (E./.Z?-)
4os 22 3

Thus) 'ﬁ (alcohol ) 3 T lalewhol) & (water) [ 4 mm >

‘A [‘Uﬁf‘e"} B 0"'(:04.40) )‘(4/:,;,/) 2 m
(2.28%/67 7 )(7 ?ox/o )[;;,,m

(7.34x 16> 2 ) (278 X107 2, ) (2 )

= 0,787

Height of rise of water columpn is jrea{esﬁ.

141 Estimate the excess pressure inside a raindrop having a diam-
eter of 3 mm.

p= 29 30’ | (&g 1.2)

-2 N
:.?/7.34x/o.,,.,.) .79 B

0.00/5




142 What is the difference between the pressure inside a soap
bubble and atmospheric pressure for a 3-in.-diameter bubble?
Assume the surface tension of the soap film to be T0% of that of

water at 70 “F. ) ) .
SRR TR 2ITrRa
Foy ezw‘/) brium , : 2TRC
. _
A (amrRa )= bR E<_75,mz
]
or e | R~ radius
‘lb B ) Pa Crcess
/ares;qrc

//Va}e ; There are +wo
Surtaces for bubble,

3
T (water of 70°F) = 497« o ,E‘i (ﬁé/z B.l i Appendin3)

Thu .
;. o #lo7)(47 //03;4/-:) 1b
ﬁ- = o.lll =

/.5 2
7z

143 To measure the water depth in a large open tank with opague
walls, an open vertical glass tube is attached to the side of the tank.
The height of the water column in the tube is then used as a mea-
sure of the depth of water in the tank. (a) For a true water depth in
the tank of 3 ft, make use of Eq. 1.22 (with 8 = 0°) to determine the
percent error due to capillarity as the diameter of the glass tube is
chartged. Assume a water temperature of 30 “F. Show your results
on a graph of percent error versus tube diameter, [, in the range
0.1 in. < D < L0 in. (b) If you want the error to be less than 1%,
what is the smallest tube diameter allowed?

€T (The excess hughi, h, cawsed be e surfuce bension i

h- zd"cczsa (E‘z /zzj}

YR
P BT 0 witn D 2R

Fr‘am TJ:/e /3 / In A-ppendzx B for water ot  SO°F

OT= Gy x/o"3 /b/Pt and Y = 62.22 1V />
77m; From £z. (1)

L . ,
o hw)- MM/x/o S ) TR
! :k : (62 zz ) ;!22(1'"};.& -.D(-_-l'n.)

Since i

LI o/ error :='- ,
A k- B> = 34)

()

(zj)

h &+) X 6o (wl'hi The +rue dep'n‘\



t (r ‘fo”ows From E% {2y "mal-

3 ' v i
0/, ?”‘”:‘ 8,79 X Ib X100 | ‘|
] 3,D(m')r | -

a1 0. 1524 ) (Ea)
T B0n.) '

A p/m‘: 07‘ % errar Vfr.ms tybe chameter ;s
Shown on 7‘71e ne.ct page.

Diameter % Error

of tube, in.
0.1 1.26 : :
0.15 0.84 1.50 ] |
02 0.63 . % | ! |
0.3 0.42 6 1.00 +—\— i |
0.4 0.32 & | l
0.5 0.25 s 0.50 4 ! ‘
0.6 0.21 | | ———
07 0.18 | 0.00 ;
0.8 0.16 | 0 02 04 06 08 1 1.2
0.9 0.14 ‘ Tube diameter, in.
1 0.13

\ | — e

Values obtained
from Eq. (3)

[.E) For //o evror Aom EZ (3)
s 1 0126 -
- D(m)

D =04 26






