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CHAPTER ONE

THE NATURE OF FLUIDS AND THE
STUDY OF FLUID MECHANICS

Conversion factors

1.1 1250 mm(1 m/10° mm) = 1.25 m

12 1600 mm’[1 m*(10° mm)*] = 1.6 X 10~ m*

1.3 3.65x10° mm’[1 m*/(10° mm)’] = 3.65 x 10° m®
14 2.05 m’[(10° mm)¥m?] = 2.05 x 10° mm*

1.5 0.391 m’[(10° mm)*/m?] = 391 x 10° mm’

1.6 55.0 gal(0.00379 m*/gal) = 0.208 m*

80km 10°m_ 1h
X X
h km 3600 s

1.7 =22.2m/s

1.8 25.31ft(0.3048 m/ft) =7.71 m

1.9  1.86 mi(1.609 km/mi)(10° m/km) = 2993 m
1.10  8.65 in(25.4 mm/in) = 220 mm

111 2580 ft(0.3048 m/ft) = 786 m

1.12 480 f°(0.0283 m*/ft’) = 13.6 m*

1.13 7390 cm’[1 m*/(100 cm)’] = 7.39 x 10~ m®
1.14  6.35L(1 m/1000 L) = 6.35x 10~ m’

1.15 6.0 ft/s(0.3048 m/ft) = 1.83 m/s

2500 ft*  0.0283 m’ 1 min
—X X

3 =1.18 m’/s
min ft 60 s

1.16

Consistent units in an equation

3
117 p=5-00km 10°0m _ o s
t 10.6 s km
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s 1.50 km>< 3600 s

1.18 v=— =1038 km/h

r 52s h
119 U:£=1000ftx 1 mi ><36OOs — 487 mi/h

t l4s 5280ft h
120 p=32LOm 30005 _ 635 mim

t 57s

3 e 2

121 q=2_@G2km) 107m 1min® _ goc 102 mss

2 (47min)>  km  (60s)’

SN XU [CTUETT RSP
a \9.81ny/s’

3 : 2
123 azgz(z)(&zkmz)xm m _ lft lem2 _o. 4f_§
t* (4.7 min) km  0.3048m (60s) S
124 (= %< (2)(531“2)>< 05245
a \N322f/s> 12in
2 2 2
125 ke=T_(Sk2mis) s oke Mo eN.m
2 2 s
mv®  (3600kg) (16km\’ (10°m)>  1h kg -m’
1.26 KE = = X X X > =35.6x10 >
2 2 h km2  (36005s) s

KE =35.6 kN - m

s kg-m’

2
S

1.27 KE= =1.76 kN - m

mv’ _75kg (6.85 m

2
) =1.76x10
2 2

S

2 ) 2
1.28 m= 2(KE): (2)386N m)x h xlkg mx(36OOS) X 113<m 2
v’ 1 31.5km/ ~ §>-N n: (10 m)
2
m= (2)(38'63 (3630(2)) kg =1.008 kg
(31.5)°(10%)
—3 3
1.29 - 2(KE):(2)(94.6mN m)xlo lekg mxlo g _374g

v’ (2.25m/s)’ mN >N kg

2
130 p= 2EE) _ 205N-m) Tkemfs g 58y
m 12 kg N
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. _3 3 .
131 = 2RB)_ 2CE2MNom) 10 N, 108, IRy 56 mis
m 175¢ mN kg s°-N

mv’ _ (Islug)(4 ft/s)’ « 11b-s*/ft
2 2 slug

132 KE= =8.001b - ft

2 2 L2 ) 5
133 kg _wu _ ®0001b)d0mi)” ~ 1h" _ (5280ft)

2 2g  (QB322fUsP)h): (3600s) mi’

2 2
kg = 80000 (5280)” " o 56700 1h - £t

(2)(32.2)(3600)°
2 2 2
PR LA AR L L L AP
2 24 (QB22MUs)
2
135 me2EKE) 2051610 _ 000105 650 slugs

vE Q2fUs?)?

W_2g(KE)_2(32.2ft)(38.6lb-ft)(h2)X 1 mi* ><(36005)2

1.36
) $%(19.5mi) (5280 ft)* h’®
2
W:(z)(32.2)(328-6>(36200) b =3.041b
(19.5)*(5280)

137 pe /2g(KE):\/2(32.2ft/s“)(101b-ft) 463 s
W 301b
2 .
138 pe /Zg(KE):\/2(32.2ft/s J300z-in) Ut _ oo
w 6.00z 121n

39runs _ 9innings

1.39 ERA= = 2.49 runs/game

141innings game

1.40 3.12runs>< 1 game

———X150innings =52 runs
game 9 innings

Igame _ 9innings

1.41 40 runs X =129 innings

2.779runs  game

142  ERA = 49 runs 9 innings

— = 3.59 runs/game
123 innings game
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The definition of pressure
143 p=F/A=2500 Ib/[r(3.00 in)*/4] = 354 Ib/in® = 354 psi

144 p=F/A=8700 Ib/[m(1.50 in)*/4] = 4923 psi

3 3 2
145 p=Lo 12O JON Q0mm) s 20100 N —272MPa
A #m(75mm)°/4 kN m’ m
3 3 2
146 p=L 88O N A0 MM _ 554,000 N 30,9 MPa
A 7(40mm)’/4 m’ m
147 p=F o 0000 g9
A 7(8.0in)"/4
148 p=L o 18000 3467 i
A m(2.50in)*/4
6 2 2
140 popao OSXICN ZGOmm)® w0

m> 4 (10° mm)?

150 F=pA=(60001b/in*)(#[2.00in]*/4) =188501b

1.51 p:£:L2:4—FZ: Then D = hiil
A rmD°/4 =D Tp
po [H20001) o
(5000 1b/in”)

4F _ | 4(30x10° N)
zp \7(15.0x10° N/m*)

1.52 D= =50.5x 10° m = 50.5 mm
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1.53

1.54

1.55

1.56

(xD?] _ 500 1b(z)(D in)’

F=pa=L i =392.7D*Ib
4 in~ 4
D(in) D*in® F(b) 20
1.00 1.00 393 %
20
2.00 4.00 1571 Forcs 15 Z
1
300 9.00 3534 1000 ':
400  16.00 6283 0 T
0 1 2 3 4 5 8 7 8
500  25.00 9817 Dlameter (in)
6.00  36.00 14137
7.00  49.00 19242
8.00  64.00 25133
_F__F__4F _4(50001b)_6366 .
P AT D4 2D r(Din)>  D?
. 2o 2 .
D(in) D7 (in)  p(psi) 8000
1.00 1.00 6366 X
4000
200  4.00 1592 i \\
3.00 9.00 707 2000 C
4.00 16.00 398 0 ——
0 1 2 3 4 5 6 7 8
5.00 25.00 255 Diametar (in)
6.00  36.00 177
7.00  49.00 130
8.00  64.00 99

(Variable Answers) Example: w =160 1b (4.448 N/Ib) =712 N

_F___ 12N (10* mm)’
A 7(20mm)’/4 m’

p =227 x10°Pa (1 psi/6895 Pa) = 329 psi

=2.77 x 10° Pa = 2.27 MPa

p

(Variable Answers) using p =2.27 MPa
F = pA = (227 x 10° N/m*)(m(0.250 m)*/4) = 111 x 10° N = 111 kN
F=111kN (1 1b/4.448 N) = 25050 Ib
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Bulk modulus

1.57  Ap=—E(AVIV) =—130000 psi(-0.01) = 1300 psi
Ap = —896 MPa(-0.01) = 8.96 MPa

1.58  Ap=—-E(AVIP)=—-3.59 x 10° psi(~0.01) = 35900 psi
Ap = —24750 MPa(~0.01) = 247.5 MPa

1.59  Ap=—E(AVIV) =—189000 psi(-0.01) = 1890 psi
Ap = —1303 MPa(~0.01) = 13.03 MPa

1.60 AVIV=-0.01; AV=0.01V=0.01 AL
Assume area of cylinder does not change.
AV =A(ALY=0.01 AL
Then AL =0.01 L= 0.01(12.00 in) = 0.120 in

AV _—p _ =3000 psi

= - =—0.0159 = -1.59%
V £ 189000 psi

1.61

AV _-200MPa _

1.62 = =-00153 =-153%
V.  1303MPa

1.63  Stiffness = Force/Change m Length = F/AL

Bulk Modulus = K= i :ﬂ
AWV AV

But p=FiA; V= AL; AV=—-A(AL)
—F AL FI

X =
A —AAL) A(AL)
F _EA _1890001b 7(0.5in)

L il =884 1Ib/in
(AL L in>(42 in}4
- 2
Lea & _EA_189000Dbr0Siny’ _ 4o, s 4.2 times higher
(AL) L in(10.0 in}4)
- 2
Les L _£A_189000b7Q00m) _ 450 04, 16 times higher

(AL) L in%(42.0 in)4)

1.66  Use large diameter cylinders and short strokes.

Force and mass

2
167 m="-_SION xlngm”s - 622kg

g 981 m/s’

6 Chapter 1


https://ebookyab.ir/solution-manual-for-applied-fluid-mechanics-robert-mott/

https://ebookyab.ir/solution-manual-for-applied-fluid-mechanics-robert-mott/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

3 2
168 m:2:1.35x10 2lekg m/s 138 kg
g 9.8Im/s N

1.69  w=mg =825kg x9.81 m/s* = 8093 kg-m/s* = 8093 N

1.70 w:mg=450gxﬁx9.81m/s2=4.41kg~m/s2 =441N
e

0°g
2
171 m=2= T8 005 0242 5lugs
g 32.2ft/s ft
172 m== 2200 g 304 slugs
g 32.2ft/s
2
1.73  w=mg =1.58slugs x32.2 /s ><M =50.91b
slug
2
1.74  w=mg =0.258 slugs x32.2 ft/s ><M =8311b
slug
175 m=2=100 497 qugs
g 32.2ft/s
w=1601bx4.448 N/Ib =712 N
m =4.97 slugs x 14.59 kg/slug = 72.5 kg
176 m="=1000 4 0311 slugs
g 32.2fts

m=0.0311 slugs x 14.59 kg/slug = 0.453 kg
w=1.001b x 4.448 N/Ib = 4.448 N

1.77  F=w=mg=1000 kg x 9.81 m/s* = 9810 kg-m/s* = 9810 N
178  F=9810 N x 1.0 1b/4.448 N = 2205 Ib

1.79  (Variable Answers) See problem 1.75 for method.

Density, specific weight, and specific gravity

1.80  vs = (5)sYw = (0.876)(9.81 kN/m’) = 8.59 kN/m*
05 = (5)sPw = (0.876)(1000 kg/m’) = 876 kg/m’

2 . 2
181 p:}/:12.02Nx S ><lkg m/s

s =1.225 kg/m’
g m®  9.8Im N ¢
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1.82 y=pg=1.964 kg/m3><9.81m/sz><Lz =19.27 N/m’
1kg -m/s
3
183 sg—— Jo - BBOOKNMT 445 01 50c
y,@4°C 981k N/m
8.483 kN/m’
sg=— Lo - B —0.865 at 50°C
¥, @4°C  9.81kN/m
184 p=Typ-ro 2PN 4w
V' y 1304KN/m

1.85 ¥V=AL=zD'L/A= (0.150 m)*(0.100 m)/4 = 1.767 x 10° m’

m_ 156kg ,
Mo 0% 883k
Po Y 1767x10°m’ g/m
3
7.~ p.g—883kg/m’ x981m/s? x — N —g 665 0 N g 6 K8
lkg]]]/S m3 ]n3

sg = p,/p, @ 4°C = 883 kg/m’/1000 kg/m’ = 0.883

1.86 v = (sg}(p @ 4°C) = 1.258(9.81 kN/m’) = 12.34 kN/m’ = w/V
w=vV=(12.34 KN/m*}0.50 m*) = 6.17 kN
w_ 6.17kN ><103Nx1 kg -m/s’

g 981m/s> kN

=629kg

1.87  w=p¥=(s)p.)(¥) = (0.68)(9.81 KN/m*}0.095 m®) = 0.634 kN = 634 N

1.88 7= pg=(1200kg /m’}9.81m/s") L,_ =11.77 kN/m’
kg m/s
3
o P 100kym’ o
p.@4°C 1000 kg/m
189 v-=2- 20N 1N, nx10”w’®
y  (0.826)9.81kN/m’) " 10° N
190 7 pg— 080ke 98Im IN TN 4 59 kn/m’
m’ s lkg m/s® 10° N
3
1000 kg/m

1.91  p=(sgipw) = (0.789)(1000 kg/m’) = 789 kg/m’
7= (X7} = (0.789)%9.81 kN/m’) = 7.74 kN/m>
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1.92 w,=354N-225N=33.15N
V, = Ad= (xD*4Xd) = 2(.150 m)*(:20 m)/4=3.53 x 10° m®

33.15N
yo= o o T _=938x10° N/m* = 9.38 kN/m’
vV 3.53x10° m

v, 9-81kN/m’

1.93 V= Ad= (xD"/4Xd) = x(10 m)*(6.75 m)/4 = 530.1 m’
w = ¥ = (0.68)(9.81 kKN/m’}(530.1 m®) = 3.536 x 10’ kN = 3.536 MN
m = p¥ = (0.68)(1000 kg/m*)(530.1 m*) = 360.5 x 10° kg = 360.5 Mg

1.94  Weanoron = Yeo - Veo = (9.42 KN/m’)(0.02 m’) = 0.1884 kN
w 0.1884 kN

—= ~ =142x107m’
Vwm (13.54)9.81 kN/m®)

V=

1.95 w=yV=(232)9.81 kN/m’}1.42x10* m’)=323 x 10’ kN=3.23N

1.96  y=(sgXy.) = 0.876(62.4 Ib/ft’) = 54.7 Ib/it’
p = (sg)p,) = 0.876(1.94 shugs/ft’) = 1.70 slugs/ft’

197 p=~= X =2.38 x 107 slugs/ft’

3221t 1lb-s*/f

7 _0.0765b/f°  1slug
g

11b-s*/ft
shug

1.98  y= pg=0.00381slug /ft’(32.2 fi/s*) =0.1227 Ib/ft’

1.99  sg=y,/(y, @ 4°C) = 56.4 b/f’/62.4 Ib/f = 0.904 at 40°F
sg = y/(yw @ 4°C) = 54.0 b/f’/62.4 b/’ = 0.865 at 120°F

1.100 ¥ =w/y =500 1b/834 I/ft’ = 0.600 ft*

_w_750b_748gal

1101 y=2= x BT — 561 b/
V 1gal ft
3 2
p= Y 36IM o 1008y 24 dugyrt
g 322f1/5° ft*

Y, _ 561/ _

sg= O 3
7, @4°C  62.41b/ft

3
1.102 w= J/V=(1.258)(62'11b)(50gal) ) s
fi 748 gal

2 3
:1.321? s 32'§ﬂx25.0gal>< 1fr
ft

1.103 =W =pgV
w=W=pg s 7.48 gal

=1421b
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3 2 3
1104 sg:£:1.203g>< m 1kg ><(1() cm)

p, cm’ 1000kg 10’°g m’

p = (58)Xpy) = 1.20(1.94 shugs/ft’) = 2.33 slugs/ft’
7 = (58)(7.) = (1.20)(62.4 b/fY’) = 74.9 Ib/ft>

=120

3 3 2 3
w__ 50bf’ 0083w’ (0°em)’ .o s
¥ (0.826)62.41b fi® m’

1.105 V=

1106 7= (sg)(p.) = (1.08)(62.4 Ib/f) = 67.4 I/t

1.107 p = (0.79)%(1.94 slugs/ft’) = 1.53 slugs/ft*; p =0.79 g/cm®

— -3
1.108 %:E: (7.95-0.50)Ib 1728 in

X
14 (71'(6.0 in)2/4)(8.0 ing £’
SE = Yol P = 56.9 Ib/ft’/62.4 b/fY’ = 0.912

=56.9 Ib/ft’

2 2
1109 V=4A.d= ”f 4= Feof)

%22 ft=15550 fi’ x 7.48 gal/ft’ = 1.16 x 10° gal
w =V = (0.68)(62.4 Ib/f’}(15550 f’) = 6.60 x 10° Ib

L110  We = 7e¥ = (59.69 b/fPXS gal)(1 £°/7.48 gal) = 39.90 Ib

3
W _ 3990’ 748gal 0353 gal
V. 13.54(6241b) g

624 lb)(8.64 in*)_0 %)

ft? 1728 in®

LI11  w=W=(2.32)

= 0.7241b
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3
1.7 gal per person «3 days x 1 ft
1 day 7.48 gal

1.112 Tank Size =75 People x =511 ft’

1ft* 12°%in°

x ———=19,636in"
748l 1 ft

1.113 Required Volume =85 Gallons x

2 i N2
Tank Volume = 19.636in° = 2 ()" x(N) _ 7x(38in)" = (h)

4 4
=3
Required Height :w: 17.3in
7% (38in)
1114 Flow Rate= 2N, 608 _ge0 N
55 1min min
1115 Vggo =1.5mx2.5mx25cmx = 0.938m?®
' 00cm

1min 1L

X ~x0.938 m?® = 15.6 min
60L 0.001m

Time Required =

. \2
(nx(24ln) Xl&nx;.solg_;als)
N
_235 %

1.116 Flow Rate= Vo!ume = - -
Time Imin min
90sx E—
60s
1.117 $17,000 =7500 x X years
year
X = $17—0? =2.27 years
7500 ——
year

1.118 Annual Cost=2Hwax1yearx 365daysx24 hrx $0.10 =$1’307
1HP lyear 1day kW-HR __ /Year

mx7.5cm” x10.0cm  0.001L _

. o =0442L
cm

1.119 Displacement =

12 Chapter 1
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3 H 3
1120 Flow Rate= 221, 80rev, 1m”  60min _,5em
1rev 1min 1000L lhr hr
- 2 - - 3
1121 Volume = =X1N"x25In _, geqin”
4 rev

=3
20 gelll =1.963|n y 1gff1I ><Xr.ev
min lrev 231in®  min

ZOLM

X = __min = 2,354 RPM
1.963in*  1gal -

1rev 231in°

The Nature of Fluids 13
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CHAPTER TWO

VISCOSITY OF FLUIDS

2.1

2.2

2.3

24

25

2.6

2.7

2.8

2.9

2.10

211

212

2.13

2.14

2.15

2.16

217

2.18

2.19

2.20

14

Shearing stress is the force required to slide one unit area layer of a substance over another.
Velocity gradient is a measure of the velocity change with position within a fluid.
Dynamic viscosity = shearing stress/velocity gradient.

Oil. It pours very slowly compared with water. It takes a greater force to stir the oil,
indicating a higher shearing stress for a given velocity gradient.

N@®s/m? or Pa®s

Ibs/ft>

1 poise = 1 dyne®s/cm? = 1 g/(cmé®s)

It does not conform to the standard Sl system. It uses obsolete basic units of dynes and cm.
Kinematic viscosity = dynamic viscosity/density of the fluid.

m?/s

ft/s

1 stoke = 1 cm®/s

It does not conform to the standard Sl system. It uses obsolete basic unit of cm.

A newtonian fluid is one for which the dynamic viscosity is independent of the velocity
gradient.

A nonnewtonian fluid is one for which the dynamic viscosity is dependent on the velocity
gradient.

Water, oil, gasoline, alcohol, kerosene, benzene, and others.
Blood plasma, molten plastics, catsup, paint, and others.
6.5- 10 * Pads

1.5-10"° Pa®s

2.0 - 10 ° Pa®@s
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