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Resnick and Halliday in "Physics for Students in Science and Engineering"
define a fluid as "a substance that can flow". This is very close to our
definition but would include materials undergoing creep and other viscoelastic
behavior. However, as a first introduction to the subject of mechanics this
definition is adequate.

Pauling in "General Chemistry" does not define fluid but is concerned about
gases and liquids. These definitions are concerned with molecular behavior

of these two phases.

i i i S as 1 h of jals, d
The diagram referred to in this problem appear it kel el v
T (Strcss) ::' mn 1:::" ME;‘ :i::ltcml satisfy the defi-

T, 1

€ (Strain)
This material does not satisfy our definition because a certain stress t©, must
be reached before there is the possibility of plastic flow. A fluid flows for any
shear stress, however small.

What is the dimensional representation of:
(a) Power

(5) Modulus of elasticity

(¢) Specific weight

(d) Angular velocity

{e) Energy

(f) Moment of a force

{g) Poisson’s ratio

{h) Strain

What is the relation between a scale unit of
sccelerstion in USCS (pound-mass-foot-second)
and SI (kilogram-meter-second)?
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Bde by the inliowing formmiston drrioped from
udios of the drop:

longth

H = ¢ tunction detsrmised by cperiment
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H is dimensionless
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1.10 From Newton’s viscosity law we
have:

(dyme)(sec)
(cm)?

~ 1 poise =
1 Ibf
4.45x10° dynes

(emy [m?sﬂcm]z

(dyne)

(sec)

- 2,00 x 10 42060
{9
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1.11

What arv the dhmenslons of kingmasic vieomiry?
I the visesley of wueer of OFF 4 L1l x 07"
B a/N%, what s the bosmanic vissssity o thest
vnditiom? How muay sehis of Hsemacic vis-
ousiry doss the water hovr?

Lo ™
b)

-
n

2.11x10°5 "’_;"E

2.11)(10“’“’;':‘:

) (\,,_(_g)_ I (%)

®

Drag = < (n)(D)(L)

BD
4

(r)(D)(L)

_ pD*nL

sec

1 stoke =

1 cm?® _ 1(01m)?
sec sec :

Nder |

sec

2
- 001076 L=
sec

. For water
v = .010113 stokes

4
s “5 R
= ( £ . 1.13 a) For a parabolic profile E%Ex&;ﬂ
lugs lbmlsm stress on the wpper plate?
lo% s by =
i\ 1 slug V? = ay
$ =d,V =V . Hence:
- 1.088 x 10" £ When y g

b) For a linear profile:

Vﬂ
(t) = 1 (—&—)
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1.14 Note that 1 poise = —l% of a viscosity unit in S.I. units. Hence
p = 7x10° N-s/m?
Using Newton’s viscosity law:

V.
v=p - x10° —I— - 1400V, Pa
on (.005x107%)

The force f is then
f = 1A = (1400V,)(200)* = 56V,

At the terminal condition we have Equilibrium,
(1,000)sin20° - 56V, = 0

The shear stress on the cylinder assuming a linear profile is:

N
T = [;‘% sec] jﬁl - (12,000uV 2

E

|
-6 in—]

Acdr ol e 34 bt b+ i £ = [12,000)@ M)

W T

The force of resistance is then

0.001 in. If the cylinder is observed to decelerate 12° 12
ot a rate of 2 i/s® when the speed is 20 ft/s,

wnmmdmmt&mu
cylinder D is 6.00 in and the length L is 5.00
- = 7850uV lbf
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1.15 (continued)
Newton’s law then gives us:

20 - 7850V = %‘1 @

At the instant of interest:

20 - 7850p(20) = -389 o)

Solving for u we get:

!20 + ﬂl
b 8/ - 1353x10¢ HoSec

"~ (7850)(20) 2

3in—s] #=0.020 Ib-s/ft?
iz

A Bt ot AN 5 .
2oecd of 20 /2. The fim of oit separsting e~ 5,000 IN e
plunger from the cylinder has a viscosity of 0.020

Ib - 5/ft%. What is the force required to maintain “"--..4 990 in
this miotion? — .

i | m—
A

We shall assume that the thickness of the film is uniform over the
entire peripheral surface of the plunger. Furthermore, because the
film is thin, we shall assume a linear velocity profile for the flow of oil
in the film. To find the frictional resistance, we must compute the
shear stress at the plunger surface. Thus we have:

v 20
T = -k 5 = 0020 557990

(2)(12)
b

=96()P

The frictional force then becomes

4990 3
F,=1tA = 960n —— — = 314 Ilif
1= " "2 12
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Even though the fluid particles move along lines which are not straight,
we can with reasonably good accuracy, still employ Newton’s viscosity
law. Thus, the shear stress 7 on the shaft is:

0-2D
2

T = - B
(4

The torque is:

wD D
¢ e = — -_ 1 DE B e
e 2e # 2 4e

The power is then
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We assume at any point that the velocity profile of the oil is linear.

“v

Qil
In some electric measuring devices, the motion of
the pointer mechanism is dampened by having 2
circular disc tum (with the pointer) in » con-
tainer of oil. In this way, extraneous rotations are
damped out. What is the damping torque for
& = 0.2 rad/s il the oil has a viscosity of 8 x 10~}

N - 5/m?? Neglect efferts on the ouirr =dge of
the rotating plate.

The slope of the profile is then:
v __re _ D _ 40

on Smm 0005 m

~% = (400r)(p) = 8x1073(4007)
= 32r

The force df on dA on the upper face of the disc is then:
df = vdA = (3.2r)(rd0dr)

= 3.2r’d0dr

The torque for dA on upper face is then:
dT = 3.2r%dedr

The total resisting torque on both faces is:
0752 2=
r=2 [ | 3.2r3d6dr]
0o 0
0.752

4
= 6.4 ':T @2r) = 1.988x10°% N-m

0
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- . ]ur(rdedr)

0752 2n 07512 2x
[ (.5+x)(107%)

Torque = f f(_s_}.m] r(rddr) + { {

0

wil (%]
BO ol 2/, BO _(onl?2

) (.5-):)(10’3)( . 4 (5+x)(107%) 4

103 25 - x2

Nus)
()] 25 cron CET foene b
S+x

) S-x

-6
= M N'm

T (x in mm)
25-x
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< 310 rad/s

////////////////////////////? ’/// 7
I

'/
A N
[y

Consider conical surface first. Area of the strip shown is:

daz

dA = 2nr)(ds) = (2rr) 3

dz

2
2_._

4
y/20

The stress on this element is:

u(w)(ﬁ]
| 4 wr 2
FTRT "(.01) o1 &

with z in inches. The torque on the strip is

A conical body i made to rotate al a constant
speed of 10 rad/s. A Blm of oil having a viscosity
of 4.5 x 107 1 - s/R? separates the cone from
the iner. The Alm thick i5 0.01 in. What
torque is required 1o maintain this motion? The
cone has a 2-in radius at the base and s 4 in wil.
Use the siraight-line-profile assumption and
Newton's viscosity law,

dT = «(dA)r = (500|.tz)[—"/2_—f:11 zdz] (%] = 878 pz’dz

The total torque is:




4
4
T, - [ 878uz’dz = 878 %-)- i = 56,198
0

Subst. for p to get in-lb.

-5
T, = [i”iﬁ‘-‘;"—)(sms»s) = 01756 in-lb

Next consider the base. The friction force is:

df = [p—(fd‘!’l—)]rdedr = 1,000r2dO dr

Torque for df :
dT = 1,000pr°d0 dr

Total torque T,

22x
T, = [ [(1,000)(w)r’d0 dr
00

T, = (1.000)[ 4'5120-5]{—24:](21:) = 00785 in-lb

The total torque is then:
T, = 01756 + 00785 = .0254 in-lb
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A sphere of radius R rotates st constant speed of
w rad/s. A thin Aim of oil separates the rotating
sphere from » stationary spherical container. De-
velop an expression for the resisting torque in
terms of R, w, p. and ¢. Spherical coordinates
are shown.

s

Velocity V of spherical surface is
V=Rcosdpw

Stress from Newton’s viscosity law:
T =pz=£(Roos¢w)
e e

Torque increment on strip Rd¢
dT = (v)(2n R cos $)(R dp)(R cos ¢)

circumference  width moment
of strip of strip of arm

. dT= -:l (R cos ¢ @)(2x Rcos $)(Rd)(R cos ) = 3’%9’": cos’P do

1.11



D; =30 mm

p = constant / Dart gun
/tt
-

b ]
\ 2m

Poison dart

I |

The shear force is:  f, = p Lid (4) = (3x107%) [—-—!————-] (1,500)(10-%) = .0045 V N
or (.01)x10°3

Newion's Law: p L - - oosv = Zy2k
' g dx

(5,000) U030 _ 5 _ goqsp - 5 VAV
4 981 dr
5 vdv

3.534 - .5 - 0045V =

9.81 dx

vdv
674 - V = 11.33 —
dx

g | 14
S t bles: dx = 11.33
eparate variables ( =T V]

Integrating:

x = 11.33[(674-V) - 674(In674-V)] + C

When x=0 , V=0. Hence 0 = 11.33[674 - 674 In 674] + C
C = 42,101

- x = 11.33[(674-V) - 674In(674-V)] + 42.101x10°

Set x = 2m . Solve by trial and error. V = 16.55 mjfsec

E V = 16.55 mfsec T
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What are the dimensions of R, the gas constant,
in Eq.(1.89) Using for air the value 533 for R
for units degrees Rankine, pound-mass, pound-
force, and feet, determine the specific volume of
air st a premure of 50 Mb/in® absolute and a
temperature of 100°F.

= RT + R B2
pv -

(08

"R MR

, . _ fr-1bf
~ for air R = 533 o R
. RT _ (53.3)(460+100)
P (50)(144)

ﬂ v =4.15 fi’/lbm H
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o _ T (_ z)=§@
P, v, T, 2\1) T,

T, - [%](560) - 3713°R

E T,=373-460=-37ﬂ

1.26 Initially we can say from the equation of state: PV, = RT;
3

(200)(1,000)(v,) = (287)(303) v, = 435 -%

If the volume ¥, is 80L , then the mass of the gas is: V, = (80)(.001)m?

(80)(001) _
M = BOC00DH
435 839 ke

At the final stage, P,v, = RT,

M-.003

E T, = 385°K = 1122°C H T
srsiem.

Suppose that the volume of air initially ia

(stho’)[“""‘° ] Q87T




V.
127 Use equation of state initially. P, -5—; = RT,

For Prob. 1.26 suppose that the Initial volume of

?—h;'é“rﬁml;':nm ;uff :::h:: (80)( 10—3)

.%-ndmw 0L vt b :htkhmemdmu: (120x10°) _M —=| = (287)(293) M = 1142 kg
de of the air?

V.
At final state: p,_(ﬁ] = RT,

-3
(2)(120)<1o’)(5‘_’1"11°2 ) - @87)(Ty)

T, = 366 K = 93.1°C

__ 142 L0 ke
50x1073 m?
As you may recall from chemisiry, & pound -mole
of a gas is the number of pounds-mass of the gas
| 4 equal to its molecular weight M. For 2 Ib-mol of
1.28 p(—_) = RT air with a molecular weight of 29, a temperature
nM of 100°F, and a pressure of 2 atm, what i1 the
volume V7 Show that pv = RT can be expresed
as pV = nMRT, where n is the number of moles.
(2)(14.7)(144)[ V_| - (53.3)560)
2)(29)

V = 4089 fi*

From Eq. (1)

pV = nMRT

1.29

1m?

You muay recall from chemistry that the gas con. R = 49’700ﬁ2
I-tlbrlﬂnkuhrwmhd_nemmgd '] 5 K
e L (328 fiyt-s* (@) CLK
:/:fﬂlﬁﬁnwﬂmlnmhuk,l- (R)

The value of R, in USCS & R, = 49,700
a2/ XR). 2
Show that for SI units, we get, R, = 8310 _ 83l0 m
&?/(?XK). What is the gas constant R for he- = 0,
Bum in 51 wnits? sz.K

2
_ 8310 8310, m

M 4 s*K




There are two surfaces exerting surface forces on the wire. Hence for force
F is: '

F = 2[(2nr)(0)] = (2=)(.200)(.0730)(2) = 0.1835 N

F = 2[2=nr]o

1.31 Because the plates are clean, the angle of contact between the water and the glass
is taken as zero. Consider the free body diagram of a unit width of the raised water away
from the ends.

f g Summing forces in the vertical direction we have

2[(oXL)] - LDB)(Y) = O

= 14.89 mm

I
|

1.16



F = o(rnDycos50° + o(nD,)cos50°
= (0.514)()(.045)(.643) + (0.514)(w)(.035)(.643)
F =083 N

A glass e is inserted in mercury. What is the
upward force on the glass as a result of surfsce
effects? Note that the contact angle is 50° inside
and outside. Temperature is 20°C.

1.33

Free
surface

Compute an approximate distance d for Y
in & glass capillary tube. The surface tension o
for mercury and air here is 0.514 N/m, and the
angle # is 40°. The specific gravity of mercury is
13.6. Hint: The pressure p,,, below the main
free surface is the specific weight times the depth
below the free surface. Do your assumptions
render the actual 4 larger or smalier than the
computed 4?7

(I ]
'1

L2\
/ ttee \
Mercury v ) o

©

Consider as a free body the meniscus of the mercury. Neglect the weight of this free
body. We have for equilibrium:

~(a)(=D)(cosB) + p ("‘i’z] 0

~(514)(m)(.001)cosd0® + (13.6)(9806)(d) _(1‘2(_?&)’ -0 " d = 1181 mm ﬂ

Actual d must be larger because we neglected weight at meniscus.

1.34

A narmow tank with one end open is filled with
wneru-lﬂ'Cnrcfulhmdentlbe
maximum amount of water in without spilling any
water, If the pressure gage measures a gage pres-
sure of 2943.7 Pa. what is the radius of curvature
of the water surface at the 1op of the surface
away from the ends? Take o = 0.0731 N/m.

’e

|
300 mm

At the top of the water surface
Ap = 2,943.7 - (9,806)(.300) = 1.900 Pa gauge

Going to Eq. (1.11), we have

1 o0

1 1 o
Ap = 1900 = o|— + —| = —
F (R ] R,

0384 m = ﬂ' 3842 mm H
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Water at 10°C s poured into a region berween
crlinders until water appears above

1.35 To find Ap to be used in Eq. (1.10) we have: the top of the open end. If the pressure. mea-

sured by the gage is 3970.80 Pa gage, what is the
curvature of the water at the top? Using the

700 mm— Ap 3970.80 - (9803)( 402) 30 Pa Taylor series, estimate the height & of the water

above the edge of the cylinders. Assume that the
highest point of the water is at the midradius of
el

y ’i » Ap =30 = (.0730){[%’] + }
| T4$2 mm
Lt —

&y _ 411 m™!
dr2

AR ..

Closed .
end Central vertical

cut

0. & d’y oos’]
h=0 (.005) + dx(2

—0+0+ (411)[(005)2]

IJ h ~514 mm ||

1.18



1.36 V = (6xy2+0)i + (3z+10) + 20€

Wenein= (67 )A0)D)+5]{ + [(3)2)+10) + 20F

+(3z+ 10)) + 20k m/s

with x.y,z in and ¢ in scconds, what is ~
O b L S pols £ e Y W ot 65{ + 16/ + 20K mfsec

m,and =2 m when 1 =5 57 What is the
V| = /652+16+20° = 69.86 m/sec

magnitude of this velocity?

F=f£f§dm=f!f§pdu

324

= f f f (16xf+10;')(x2+2z)dxdydz

o000

A body-force distribution is given as

24
f (I&x’i‘+32xzi'+ loxzjl-l-ZOzf)dxdydz B =162+ 10 N/kg
00

per unit mass of the material acted on. If the
density of the material is given as

p=xi+2r kg/m?

4 oy 3 what is the resultant orce on material
16x 4 32; Z]{‘ + ( lgx + 2%}{ dydz lhll region shown in lma’lram? -

32
= [[ (1024+2562)i+(213.3+80z) dydz
00

3
= [ [(1024)(2)+256)2)())i+[(213.3)(2) +(802)(2) )z
0

3
% f [(2048 +5122)i+(426.6+ 1602)/1dz
0 )

52
2

H F=8,448{+19998 N

= [(2048)(3) + 212 (311 [426.6(3) + % 3
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Oil s moving over a flat surface. We are observ-
ing this flow from above in the diagram. A
traction force field T is developed on the flal

surface given as
Te(6y+3)i+ (I +y))+ (5 +2°)k b/A°

What is the total force on the 3 X 3 square of
area shown in the diagram.

On flat surface we have:
[(6y+3)i+(B3x2+y)f+(5+x2)dxdy
2 3
- [N+ BB)N + [@f—” + y(s)}f ' [(5)(3) ' %—’]ﬂdy
0

3
- f {[18y+91{+[27+3y)f + [24]K}dy
0

] {[18 E’zlf : (9)(3)]:‘“ . [(27)(3) i ) ]; [(24)(3)115}

[L F=108{+94.5{+ 72k Ib H

a) T =2,000{ + 500/ + 1,000k
b)

500 Pa

The stresses on face A of an infinitesimal rect-
angular paralielepiped of fluid in a flow are
shown . . at time 1. What is the trac-
tien vector for this face at the instant shown?
What can you say about shear stresses on faces
B and C at this instant?
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Explain why in hydrostatics the traction force
exerted on an arca element by the fluid i al-

1 .40 ways normal 1o the area element of the bound-
any.

In a static fluid there can be no shear stress and so there is only normal stress on the
area element. This can only result in a force normal to the area element.

y

Label © | Fig. using the con-
vention set forth i

1
;(tn T + By)

We ln.linulhc following stress ficld in mega-
Tu=6x+10 1, =7, =1,=0 l(lﬁx + 10 + 10);2 + 6xy + 0)
7, = 10y + 63y 3

Ty = =527

Express the bulk stress distribution as a scalar (5.33x + 3.33)’2 + 2).’)’ + 3.33) M Pa

ficld. What is the bulk stress at (0, 10,2) m?
o =333 +333 = " 336 M Pa ]I

At (0,10,2) we have:

1.21



In a viscous flow. the stress tensor at a point is
- 4000 3000 1000
3000 2000 -1000| fMbyin’
1000 ~1000 - 5000
What is the thermodynamic pressure at this

o = _;.(_4,000 + 2,000 = 5,000) point?

= -2,333 psi

[ s o |

A vector field may be formed by taking the
gradient of a scalar field. If & = xy + 1607 +
¥z, what is the ficld grad 47 What is the magni-
tude of the vector grad ¢ a1 position (0.3,2)
when 1 = 07

¢ = xy + 166 + y2*

Vo = yi + (x+2) + 3y2%k

At (0,3,2) and t=0

Ve = 3f + 8 + 36k

V| = /3?+82+36* = 37.0

pP=Xy+ (x+zz) + 10
Wp = (y+1)f + xf + 22k KkNjm®

F=-Vp= -+ - 5§ - 22k kNIm®
At (103,4)

7= -4 - 10f - 8k km®

é=095+.32%m

. f€ +(-4)(.95) - (10)(.32) + 0

T

1.22



dF, - [prdﬁ . (p R -‘;—I:dr](ndr)de}dz

+ pdrdz sin% + (p + %dﬁ]drdz sin—i‘zg

= -pdrdOdz' - %&rdﬁdz - —grzd'd"dedz

——d0drdz —
+ pdrdzd® + ! dz

Drop second-order terms and cancel where possible.
dF, = - P rdodrdz = - P4
"2 o rd0drdz . v

® ., 48
dF, pdrdzcos2 @ aedﬁ)(drdzcosz]

ap
-—=dbd = - d
» rdz v

r
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