21

22

2.3

24

25

2.6

2.7

C HAPTER 2

Fluid Statics
— . . _ DyDZ ,
Sk, =ma,: p,Dz- pDssina =r > a, .
Dz
SF, =ma,: p,Dy- pDscosa = r¥a1+rgDy2Dz Py Dy o
Since Dscosa = Dy and Dssina =Dz wehave | Dy
rov pLy

D Dz
m-p=r3}@ and p.- p=r —(a,+q)
Let Dy® 0 and Dz ® O

P PR \ p=p,=p
p,- P=0p L
p=gh. a) 9810 " 10=98 100 Paor 98.1 kPa

b) (0.8° 9810) ~ 10 =78 480 Paor 78.5 kPa

c) (13.6° 9810) ~ 10 = 1334 000 Paor 1334 kPa
d) (L59° 9810) ~ 10 = 155 980 Paor 156.0 kPa
e) (0.68 9810) * 10 = 66 710 Paor 66.7 kPa

h=plg. a) h = 250 000/9810 = 25.5 m
b) h = 250 000/(0.8~ 9810) = 31.9 m
¢) h = 250 000/(13.6~ 9810) = 1.874 m
d) h = 250 000/(1.59 ~ 9810) = 16.0m
e) h = 250 000/(0.68~ 9810) = 37.5m

(C)  p=gugh= (136" 9810) (28.5" 0.0254) = 96600 Pa
p _ 20" 144

S= L ="_""" =231, r =1.94° 2.31 =448 dug/ft’.
gh 624°20 ~
ap=0h=0.76" (13.6" 9810) = 9810 h. \ h=10.34m
b) (13.6~ 9810) ~ 0.75 = 9810 h. \ h=102m.
C) (13.6° 9810) "~ 0.01=9810h. \ h=0.136 mor 13.6 cm.

ap=ah + h,=9810" 0.2+ (13.6" 9810) ~ 0.02 = 4630 Paor 4.63 kPa.
b) 9810 " 0.052 + 15630 " 0.026 = 916 Paor 0.916 kPa.
€)9016" 3+9810° 2+ (13.6" 9810) " 0.1 =60 010 Paor 60.0 kPa



28 Dp=rgh=00024" 32.2(~10,000) =773 psf or -5.37 psi.

29 (D) p=py-rgh=84000-1.00° 9.81° 4000 = 44760 Pa

2.10
B _pg . 100" 981, _ U
DPoutsde = F 09D = —=Dh = 3=1351 Pa;
Pousice = T o= = oy =~ 287" 253 b Do, = 1.84Pa
, Yy base — =
3 _ pg 100" 981, , :
dde =T 1gDh =22 Dh = 3=1167Pal
PPinsde = 11000 = o BN = e 03

If nowind is present this Dp,,, would produce asmall infiltration since the higher
pressure outside would force outside air into the bottom region (through cracks).

211 p=rgdhwhereh= -z Fromthegiveninformation S= 1.0 + h/100 since §0) =1 and
S(10) = 1.1. By definition r = 1000 S, wherer waer = 1000 kg/n.
Thendp = 1000 (1 + h/100) gdh. Integrate:

p 10
¢¥lb = (1.000(1+ h/100)gdh
0

0

2
0=1000" 981(10 +2,L100) = 103 000 Paor 103 kPa

Note: we could have used an average S: Sug = 1.05, sothat r ,, = 1050 kg/ne.

2.12 Np:EF+EjA+ﬂ—pI2
™x v 1z

=—raji-ra yf—raZR—rgR:—r(aXf+ ayjA+azl2)—rgR
=—ra-rg
\ Np=-r(a+g)

213 P = pul(To - a2)/Ty]92R
=100 [(288 - 0.0065 " 300)/288]%8V:0065" 287 = 96 49 kPa

P= Py, - Fgh=100- & " 981" 300/1000 =96.44 kPa
287" 288 -
% error = M “ 100 =- 0.052%
96.49 -

The dengdity variation can be ignored over heights of 300 m or less.

13



.g/aR

A, -azo
214 DP=p- Py = Pamg—
e

T 5 Paim

A 88_ 0065 , 20 ..9.81/.0065 287 U

=100 %? 0 - 13 = - 0.237 Pa or - 0.000237 kPa
& 288 a 0

This change is very smdl and can most often beignored.

215 Eg.1511gives 310,000 144 =r S_IO But, dp = r gdh. Therefore,
r

_ 4.464" 107 cdr 322

r gdh = >
J r2  4.464° 10’

dr

Integrate, using r o = 2.00 dug/ft:

dr 322 h &l 16

= adh .\ 721" 10'horr = 2

(0] - SCc— T —==
>r? 4464 10" o & 25 1-14.42° 10" 'h

Now,
h h
p=or gdh=g 29 —dh= 29 _In(1- 14.42° 10" "h)
0 01-1442° 107h  -1442° 10°

Assumer = congt:
p=rgh=20" 322" h=64.4h

a) FOF h = 1500 ft paccurate = 96,700 QSf aﬂd pestima];e = 96,600 QSf
96,600- 96,700, 100 = - 0.103 %

96,700

b) FOI’ h = 5000 ft paccurate: 323,200 QSf Eﬂd pestimaj_e: 322,000 QSf

% error = 522,000~ 323,200 100=-0.371 %

323,200

C) FOI’ h = 15,000 ft- pa;curate = 976,600 st and pes’uma[e = 966,0% Qg.

% error = 200.000- 976,600 155 1 05 o

976,600

% error =

216 Usetheresult of Example 2.2: p=101¢e 9RT,

8) p=101 e 981 100002877273 _ 58 g |py
b) p=101 e—9.81' 10 000/287’ 288 — 30 g kPa.
0) p= 101 & 98l 100002877258 — 55 o Py

9.81
217 UseEq. 248 p=101(1- 0.0065z/288)0.0065 287

8 z=3000. \ p=69.9kPa b) z=6000. \ p=47.0kPa
€)z=9000. \ p=30.6kPa d) z=11000. \ p=22.5kPa.

14



2.18

2.19

2.20

221

2.22

2.23

2.24

2.25

P —o 2/RT

Po

gz In 0.001 _ . 32.2z

P RT 14.7 1716 455

Use the result of Example 2.2:

\ z=232,700 ft.

p=gh=(13.6" 9810)  0.25=33 350 Paor 33.35 kPa.

ap=gh. 450000=(13.6" 9810)h. \ h=3.373m

b)p+11.78" 1.5=(13.6" 9810) h. Usep =450000, then h=3.373 m
% error is 0.000 %.

Referring to Fig. 2.6a, the pressurein the pipeisp = r gh. If p = 2400 Pa, then
2400=rgh=r "~ 9.81h.

2400 .
r= =680 kg/n™. \ gasdline
9 981" .36 9
b) r =—2290 _ _ go9 kg/nf. \ berzene
981 .272
or :ﬂ =999 kg/nT. \ water
981" .245
d)r=—220_ _ 1589 kgt \" carbon tetrachloride
9.81 154
Referring to Fig. 2.6a, the pressureisp = r wgh = %ravz. Then V? :er—wgh.
a) V2 = 2 1000° 981" .06 _ 957 \ V=309 ms
123
by vz =2 194 822 3112 _ 4490, \ V= 115 fifsec
.00238
o) V2= 2 1000° 981 1 = 1595, \ V=399 m/s
123
gy vz =2 194 822 5112 _,) oy \ V= 148 fifsec
.00238

©  Pw = Pam + 95Ny - Gwarer Ny =0+30000 0.3- 9810° 0.1= 8020 Pa

SeeFig. 2.6b: p,= —hh + gH.

p, =-0.86" 624" % +13.6° 624° % = 649.5 psf or 4.51 psi.

P=pPo+righ +rogh +r13ghg+1 400
=3200+ 917 9.81° 0.2+ 1000°9.81" 0.1 + 1258 9.81° 0.15 + 1593 9.81° 0.18
=10 640 Pa or 10.64 kPa

15



2.26

2.27

2.28

2.29

2.30

231

2.32

2.33

2.34

2.35

p- P=(p- p)+(Ps- Ps) +(Ps- Pa) (Use Dp =r gDh)
40 000 —16 000 = 1000" 9.81(—.2) + 13600" 9.81" H + 920" 9.81" .3.
\ H=.1743mor 17.43 cm

p- P =(p- )+ (Ps- ps) +(ps- pa) (Use Dp = gDh)
Do — Pw= 900" 9.81(~.2) + 13 600" 9.81(—.1) + 1000° 9.81" .15
=12 300Paor —12.3 kPa

P- Ps = (P - Po)*+ (P - Ps) +(Ps- Pa)+(Ps- ps)
p, = 9810(~.02) + 13 600" 9.81(—04) + 9810(~.02)+13 600° 9.81" .16
=15620Pa or 15.62 kPa

pw+ 9810° .15-136" 9810° .1-.68" 9810" .2+.86" 9810" .15 = po.
\ pw—pPo =11940 Pa or 11.94 kPa.

py—9810" .12—.68" 9810° .1+.86" 9810  .1=p,.
Withp,, = 15000, p,= 14000Pa or  14.0kPa

ap+9810° 2=13.6" 9810" .1.

\ p=-6278 Pa or —6.28 kPa.
b)p+9810° .8=13.6" 9810" .2. \'p
\'p
\'p

=18 835 Pa or 18.84 kPa.
=915 psf or —0.635 psi.

Op+624° 6=136" 624  4/12.
dp+624° 2=136" 624 812 = 441 psf or  3.06psi.
p—9810" 4+13.6° 9810 .16=0. \ p=17890Pa  or  17.89kPa

(A)  py=-gH =- (136" 9810)" 0.16 = - 21350 Pa.
Paatter = -21350 +10000 = - 11350 =13.6" 9810H - \ Her =0.0851 M

8200 + 9810° .25=1.59" 9810" H. \ H=0.683m DHL
Hew = .683 + .273 = .956 m. DH = % = 1365, lﬁ
p+ 9810 (.25 +.1365) = 1.59 " 9810 .956. DH

\ p=11120Pa or 11.12 kPa.

p+9810° .05+159" 9810" .07-.8" 9810" .1=13.6" 9810" .05.
\ p=5873Pa or 5.87 kPa.

Note: Inour solutions we usudly retain 3 Sgnificant digitsin the answers (if a number

gatswith “1” then 4 digits are retained. 1n most problems a material property is used,
i.e, S=159. Thisisonly 34g.digitd \ only 3 are usudly retained in the answer!
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2.36 Before pressureis gpplied the air column on theright is48" high. After pressureis
applied, itis (4 —H/2) ft high. For anisothermal process p; V-1 = po¥-2 usng
absolute pressures. Thus,

, , 8467
147 1447 4A=p,(4—-H/2)A or =
P2( ) P2 1-H/2

From a pressure balance on the manometer (pressuresin psf):

30" 144+ 147  144=136" 62.4H+ﬂ,
4-H/2

or H®>-1550H+40.73=0. \ H=12.27 or 3.32ft.

237 @) p- s =(p- Po)+(Pa- Ps)+(Ps- Pa)+(Ps- Ps)
4000 = 9800(0.16-0.22) + 15 600(0.10-0.16) + 133 400H + 15 600(0.07—H).
\ H=.0376 mor 3.76 cm
b) 0.6 144 = 62.4(~2/12) + 99.5(~2/12) + 849H + 99.5(2.5/12 — H).
\ H=.1236ft or 1.483in.

2,42
238 a) DH _ 2D</d —
Doy -g;+29, +2(g3 - 9,)D“/d
2
= _ 2(1/.005) 5 =8487" 10H°
-9800 +2 " 15 600 + 2(133 400 - 15 600)(.1/.005)
\ DH =8487"10°" 400 =0.0034m or 3.4mm
2(41.2)? o -
b) DH = 06" 144 =0.01153ft or 0.138in.

T -624+2° 995+ 2(849- 995)(4/2)°

239 p- P =(pi- 0)+(Ps- Bs) +(Ps- Pa) (Peit = 14.0kPafrom No. 2.30)
15 500 — 14 000 = 9800(0.12 + Dz) + 680(0.1 — 2D2) + 860(—0.1 — D2).
\ Dz=0.0451 m or 4.51 cm

240 @) par = 6250 + 625 = -5620 Pa.
-5620 + 9800(2 + Dz) —13 600" 9.81(0.1+2D2) =0. \ Dz=0.0025.
\ h=0.1+2Dz=.15m or 15cm
b) pair = 18 800 + 1880 = 20 680 Pa.
20680 + 9800(0.8 + Dz) — 13600 " 9.81(0.2+ 2D2) =0. \ Dz=0.00715m
\ h=.2+2Dz=.2140r 21.4cm
C) Pair =—91.5+ 9.15=-824 pdf.
—82.4+62.4(6 +D2) —13.6" 62.4(4/12 + 2Dz) = 0. \ Dz=0.00558 ft.
\ h=4/12 + 2 (0.00558) = 0.3445 ft or 4.13in.
d) pair = 441 + 44.1 = 485 psf
485 + 62.4(2 + D2) —13.6 © 62.4(8/12 + 2Dz) = 0. \ Dz=0.0267 ft.
\ h=8/12+2(0.0267) = 0.7205ft or 8.65in.
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241

242

243

244

245

2.46

247

F=cghA=9810" 10" p " .3%/4=6934 N.

2 g)' P=%'(2'§)'[9800' 173 (2 g)]. \ P=32670N & F = p.A=9800"

* 4>=313600N or 313.6 kN
b) F=p.,A=9800"1" (2 4)+9800 % 2+ 9800 % 1=98000 N or 98.0 kN
O)F=p,A=9800" 1" 2" 4" 42 =110900N or 110.9 kN
d)F=p,A=9800" 1" 2" 4/.866=90500N or 90.5kN

For saturated ground, the force on the bottom tending to lift the vault is
F=p,A=9800" 15" (2" 1) =29400 N.
Theweight of the vault is gpoproximatey
W =r gVwals =2400° 9.81[2(2° 1.5" .1) +2(2° 1" .1) + 2(.8" 1.3" .1)] = 28 400 N.
The vault will tend to rise out of the ground.

F=p.,A=6660" 2" p  2°=167400N or 167.4 kN
Find gin Table B.5 in the Appendix.

a) F = p.A=9800 (10 - 2.828/3) (2.828" 2/2) =251 000N or 251 kN
where the height of the triangleiis (3 - 1%)Y2 = 2.828 m.

b) F= p.A=9800" 10(2.828° 2/2) =277 100N or 277.1kN

c) F= p.A=9800 (10- 2.828" .866/3) (2.828" 2/2) = 254500 N or 254.5 kN

a F=hA=624" 27.33" 24 = 409301b.
s o3
y. =2733+ 8. 8736 _ 506\ y=30-27.46=252.
P 27.33" 24

8/5.46 = 3/x. \ x=205. (2.05 254 ft.

b) F=624" 30" 24 =44,9301b. The centroid is the center of pressure.
y =2.667". 8/5.333 = 3/x. \ x=2.000 (2.000, 2.667) ft.

0)F =62.4(30—2.667" .707) " 24=42100 Ib.

’ 3
y =3977+8 8730 5946 y=42.43-39.86 =257
P 3977 24
8/5.43 = 3/x. \ x=2.04" (2.04, 2.57) ft.

(B) Theforce acts 1/3 the distance from the hinge to the water line;
5 1 5 5
2°=) P=="(2"=)"[9800" 1" 3 (2" =)]. \ P=32670N
( 3) 3 ( 3) [ ( 3)]
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248 a)F =ghA=9810" 6" p2>=739700N or 739.7kN.

4
yo=9+—=6+2 2% _5167m  \ (xy)p=(0,-0167)m
Ay 4”6

b)F=dhA=9810" 6 2p =369800N or 369.8kN.
y, =6+ u—6167m X+ y*=4

2p 6
X F = pdA= 2 (6 y)xdy = 84 y?)(6- y)dy A
O_ 2-2 -2 - dﬂ_ (X, y)

\ x,g6" 2p :%(‘124- dy- 6y? +y?)dy = 329.\ X, =0.8488 m
-2

\ (X, Y)p = (0.8488, -0.167) m

c) F=9810" (4+4/3)" 6=313900 N or 313.9 kN.

s 43
y, =5333+ 3 4730 _5500m. \ y=-15 y
5333° 6

4/25=15/x. \ x=0.9375. \ (Xy)p=(0.9375,-1.5 m

d) F=9810" (4+%' 4sin36.9°)° 6= 330000 N

w
&)
@

- 3
Y, :5.6+%5é36 = 5657 m, \ y=0.343m

3c0s53.13° =18, 25-18=07, 24/2057=.7/x%. \ x, =06.

x=18+0.6=24. \ (xy)p = (24,0.343) m.
249 F=dhA=624" 11" (6" 10) = 41,1801b. -
P
3 P L
Yo gt =114 8102y, geg P
yA 11" 60 2
®

(16 —11.758) 41,180 = 10P. \ P=174701b.

250 F=¢ghA=9810" 6" 20 =1.777" 10°N, or 1177 kN.

T 3
Yo =Y+ =75+ L’; =7.778m.

Ay 75
(10-7.778) 1177=5P.  \ P=523kN.
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251

252

2.53

254

2.55

2.56

F=chA=9810" 12" 20 =2.354" 10°N, or 2354 kN.
) 4" 5°/12

Yp =Y+ ——=15+———
Ay 15

(17.5-15.139) 2354 =5P. \ P=1112kN.

=15.139m.

T 3

yp:V+I__:ﬂ+M:ﬂ+ﬂ:gH. Y, is measured from the surface.
Ay 2 bH H/2 2 6 3

\ Fromthebottom, H - y, = H - %H:%H_

Note: thisresult isindependent of theanglea, so it istrue for avertical areaor asoped
area.

F=g%|sin40°'3|. F'—=(+2Psind0”. \ gl®=2(+2)P.

a) 9810 2°=2(2+2)P. \ P=9810N
b) 9810 4°=2(4+2)P. \ P=52300N
c) 9810 5°=2(5+2)P. \ P=87600N

!
3
\

h=412%- .47 =11314m. A=12" 11314+ .4  1.1314=18102n?
Use2forces F, =gh,A =9800° 5657 (L2 11314) = 7527 N

F, =dh,A, =9800° Lgld' (.47 11314) =1673N
I, 11314 N 47 11314° / 36

p - = 0.5657 m
Ay 3 47 11314/2° 11314/3

2 _
Yo = §(1.1314). Yoo =V +

SMiie =0 75277 11314

hinge

+1673" (11314- 0.5657)- 11314P =0. \ P =3346 N.

To open, the resultant force must be just above the hinge, i.e., y, must bejust lessthan h.
Let yp, = h, the condition when the gate is about to open:

y=(h+H)/3 A=(h+H)?, T =[2(h+H)](h+H)*/36
_h+H 2(h+H)*/36 _h+H Lh+tH _h+H

\ =
Yo 3  (h+H?*h+H)/3 3 6 2
gh="*H \ h=H=09m
bjh=H=12m
ch=H=15m

The gate is about to open when the center of pressureis at the hinge.
b~ 18°/12

=12+H=(18/2+H) + :
Y ( ) (9+H)18b

\ H=0.

20



b” 2°/12

b) y, =12+ H = (20/ 2+ H) + ————. \ H=06667m
(1+H)2b
. 3
9y, =12+H=(@2/2+H)+ 2222 =\ (y=p033m
(11+ H)2.2b

257 (A)  Thegate openswhen the center of pressurein at the hinge:

12+h o _o, I _12+h b2+h)®n2  _
Ay 2 (1.2+h)b(12.2+h)/2
This can be solved by trid-and —error, or we can smply substitute one of the
answers into the equation and check to seeif it iscorrect. Thisyiddsh = 1.08 m.

+1.2.

H 1
258 F =g—  bH=Z=c¢oH? H/3
17975 29b F,t
F,=cH  (b=goH
12 g H $ ’ _f_——lqu
Eng2 ZSHH S H =+/3¢ F,

d H=+3"2=3464m b)H=1732m ¢)H=10.39' d)H=5.196

Assume 1 m deep

259  Thedam will topple if the moment about “O” of F; and F3 exceeds
the restoring moment of W and F».
8 W= (24" 9810)(6° 50+24° 50/2) =21.19° 10°N F,
g =300 274600716 _ o0
300 + 600
omin & P 1100 _
F2=9810" 5 1100=0544" 10°N. d, ===~ =3697m.
A _
F=9810" 2 45=9.933" 10°N. dy = 15m.
F=9810" 210 55 —gooz” 108N, o, =243 S0 0 g5
2943+ 5150
W, +Fd, =4188 10°N-mU L
Fd, +Fd, =2061° 10°N>m ) will not topple
b) W= (24" 9810) (6~ 65+ 65  12)=27.55" 10° N.
g 30 27+780°16 _ o
390+ 780
F, @.54° 10°N. d, €370m
F1=9810" 30" 60=17.66" 10°N. dy =20m.
F,=0810" 0%10 3021037 108N, ¢, =223 D718 0 a5

2943 +7.358
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Wd, +F,d, =5439° 10°N>xmi .
v v\ it will topple.
Fd, +Fd, =5445~ 10°N>m})

) Sinceit will topplefor H = 60, it certainly will toppleif H=75m.

2.60 Thedam will toppleif there isanet clockwise moment about “O.”
AW=W+W, W =(6"43"1" 624" 2.4 =38,6401b.
W, =(24" 43/2)" 624" 24 =77,280|b.
W, =(40" 2233/ 2)" 62.4 = 27,870 b @ 20.89 ft.
F, =624" 20" (40" 1) =49,920b @ 40/3 ft.
F,=624" 5 (10" 1) =31201b @ 3.33 ft
i F=187201b @ 15 ft

F; =
{ Fp2=28,0801b @20t

SMy: (49,920)(40/3) + (18,720)(15) + (28,080)(20) - (38,640)(3)
- (77,280)(14) - (27,870)(20.89) - (3120)(3.33) <0. \ wor't tip.

b)Wi=6" 63" 624" 24=56,6101b. Wo = (24~ 63/2) 624" 2.4=1132201b.
F =624 30" 60 =112,3001b. W, = (60" 22.86/2)" 62.4 = 42,790 Ib.
F,=624" 5 10 =31201b
F,=624" 10" 30 =18720lb.  F, =624 50" 30/2 = 46,800 b.
SMy: (112,300)(20) + (18,720)(15) + (46,800)(20) - (56,610)(3)
- (113,220)(14) - 42,790(21.24) = 799,000 > 0.\ will tip.

¢) Sinceit will topple for H = 60 ft., it will o topple for H = 80 ft.

261  SMy, =0. 25P-d,  W-d;” F1=0. W
z - , 2 N
\ Pz 52 0800" 1 8+ 2" 9800° B2 - 4ff=p2700N
2583 3 4 ] 1
Note: Thiscalculation issimpler than that of Example 2.7. Actually, We could
have moved the horizontal force Fy and avertical force Fy (equal to W)

simultaneously to the center of the circle and then 2.5P = 2F,.=2F;. This
was outlined at the end of Example 2.7.

1

2.62 Sincedl infinitesma pressure forces pass thru the center, we can place the resultant
forces at the center. Since the vertica components pass thru the bottom point, they
produce no moment about that point. Hence, consder only horizonta forces:

(Fiy e =9810° 27 (4 10) = 784 800N
(Fy )oil =0.86° 9810° 1" 20 =168 700N
SM: 2P=7848" 2- 1687 2. \ P=616.1kN.



2.63

2.64

2.65

2.66

2.67

2.68

2.69

Place the resultant force F,, + F, at the center of the circular arc. F, passesthru the
hingeshowingthet P = F,,.

a P=FK =9810(6" 2" 4+p~ 4) =594 200 N or 594.2 kN.
b)P=Fy=624(20" 6~ 12+9p " 12) = 111,000 Ib.

(D) Placetheforce F, + F, a the center of the circular arc. Fy passes through the
hinge:
\ P=FR, =4" 1.2w" 9800+ (p ~ 1.2% /4)w” 9800 =300000. \ w=5.16m.

Placetheresultant F, + F, at thecircular arc center. F, passesthru the hinge so that
P=F,. Usethewater that could be contained above the gate; it produces the same
pressure distribution and hence the same F,, .

P=F =9810(6" 3" 4+9p)=983700N or 983.7 kN.

Placetheresultant F, + F, a the center. F, passesthru the hinge
27 (9810° 1° 10)=2.8P. \ P=70070N or 70.07 kN.

The incrementd pressure forces on the circular quarter arc pass through the hinge o that
no moment is produced by such forces. Moments about the hinge gives:
3P=09W=0.9" 400. \ P=120N.

Theresultant F, + F, of the unknown liquid acts thru the center of the circular arc. F,
passesthru the hinge. Thusweuseonly (F,), - Assumel mwide.

al *

L. 2 '
a) SM: 52%8105R9+ﬁa%8oospR 0 Rg‘aXBRQ. \ g, =4580 N/n?
3 2 8 3p& 4 o 23
o 2 '
b) sM: J R4 RRYL ARB, 4gPR7O_ R%%XERQ. \ g, =291 Ib/t’
3 28 3p & 4o 23

Theforce of the water isonly vertica (Fv)w, acting thru the center. The force of the ail
can also be positioned at the center:
a P=(F,),=(0.8" 9810)" 03" 3.6 =8476 N.
SI:y = O:W+(Fv)o - (FV)W
. . . 36p§. - , .o .
— 2 ~*r~ O _
0=S" 9810p~ .6°" 6+ g& 10 6° (8" 9810)—9810" p~ .18" 6

-9810" .8 2" 6° - 6. \ S=0955.

b) r g\ =W. =199 |b.
SF,=0=W+(F,), - (R,)

w

23



0=S" 624" p’ 2*" 20+ - p

-62.4° .8 27 2% 20. \ S=0.955.

2.70 Thepressureinthedomeis
a) p=60000-9810" 3—-0.8" 9810 " 2= 14870 Paor 14.87 kPa.
TheforceisF = pAprojected = (0~ 3%~ 14.87 = 420.4 kN.

b) From afree-body diagram of the domefilled with ail:
Fwad + W =pA
Using the pressure from part (a):
1 ..
Fwad =14870° p~ 3*—(.8" 9810)° Eg%lp ’ 33%: —23400 N
or —23.4 kN

2.71 A free-body diagram of the gate and water is shown.

%F+dWW=H’ P.

aH=2m. F=9810" 1" 4=39240N.

2 2 112 3/2
W= 981002Xdy 981002 J_dy 2 5_810 ;/2 26 160 N.

l

1 N
(‘))zixdy §O4X3dx

d, =X=—2 =5 ;?1;20 0.375m.
OV epxdx
0
1, 0.375.

\ P=§ 39 240 + 26160 =17980N or 17.98 kN.

b)H=8. F=624" 4" 32=7,987Ib.
2
W = 62404 xdy = 62.4° 4(‘)4x2dx =624 16" 2°/3 =2,6621b.
0

17, 3
— A x dx
q ___2?4 146/ 40 .
w = X== —% =0.75
(‘)4x2dx 288/30

p=22 79874075 2,6620=20101b
8&3 o

272 (A) W =g\
900" 9.81=9810' 0.01° 15w. \ w=6m

24

"20° 87 624-624" p~ 2" 20

i p; A %Fweld

KT

dA=xdy



2.73

2.74

2.75

2.76

2.77

2.78

2.79

2.80

W = weight of displaced water.
a) 20000 + 250 000 = 9810~ 3(6d +d?/2). \ d?+12d—18.35=0. \ d=1372m.

b) 270000=1.03" 9810 " 3(6d +d%/2). d?+12d—17.81=0. \ d=1336m.

25+ Fg = 100. \ Fg=75=9810 V. \ V=7645" 10°n?
g~ 7.645° 103 =100. or 7645 cnt
\ g= 13080 N/nr.

3000° 60=25" 300Dd" 62.4. \ Dd=0.3846' or 4.62".

100000" 9.81+6000000= (12" 30+ 8h" 30) 9810
\ h=1465m. \ digancefromtop=2—-1.465=0.535m

T+ Fs=W. (SeeFig.2.11c)
T=40000-1.59" 9810  2=8804 N or 8.804 kN.

The forces acting on the baloon are its weight W, the buoyant force Fg, and the weight of
thear inthebdloon F,. Sum forces:

Fe=W+F, or %pRﬁrg =1000 +ng3r .0

ﬂp - 53 100 , 981 =1000+ﬂp , 53100 9.81.
3 2877 293 3 287T,

\ T,=350.4K or77.4°C
The forces acting on the blimp are the payload F,, the weight of the blimp W, the buoyant
force Fg, and the weight of the helium Fp:

Fe=Fp+ W+ Fy

1500p ~ 1502 ° 100° 981 _ 981 _ Fp+0.1F,+1500p = 150%° 100 981 ,9'81
287" 288 2077 288
986" 10° ,
I, =pd*/64.. Npsople = ——oom=— = 1.23 10°

Of course equipment and other niceties such as gyms, pools, restaurants, etc., would add
ggnificant waght.

Neglect the bouyant force of air. A force baanceyields

Fe= W+ F
=50+10=60=9800 V. \ V=.006122m°
Dengty: r gM-=W.
r - 9.81 .006122 = 50. \ r =8325kg/nt
Spexific wt: g=rg=8325" 9.81=8167 N/n

Specificgravity:  S= r/r waer = 832.5/1000 = 0.8325
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281 Fromaforce bdance Fg = W+ pA. Fe
a) The buoyant force is found as follows (h > 16"):
h- 15- R

cosq = ———, Area= R — (h—15-R) Rsinq
\ Fg=10" 624[pR - gR + (h—15—-R) Rsnq]. PA
Fg = 1500 + ghA. '
The h that makes the above 2 F's equal is found by trial-and- 2
error: q
h=165 1859 £ 1577 h=168 1866 £ 1858 he 15
h=17.0: 187021960 \ h=16.82ft. < 1

b) Assumeh > 16% ft. and use the above equations with R = 1.333"
h=16.4: 1857 2 1853 \ h=164ft.

C) Assumeh < 16% ft. With R=1.667',

Fg=10" 62.4[qR - (R—h+ 15) Rsnq]. < RJ 1
R- h+15 & h- 15
Fe=1500+ ghA. cosq=—— =
B g q = —
Trid-and-error for h;
h=16: 1849 2 1374 h=16.2: 1853 2 1765
h=16.4: 1857 2 2170 \ h=16.25ft.

282 @ W=F, [001+136" 1000  hp’.015%/4] 981=9810V .

, 2 -, 2
y =P '215 154 P '205 © 06=2.769 10°m3. \ h=7.361" 103m

\ m,, =13.6"1000" hp’ .0152/4 = 0.01769 kg

o o
b) (.01 +.01769) 9.81= 9810 & '315 - 15+ P -205
e

p~ .015°

©123S,.  \ S=0.959
u

¢) (.01 +.01769) 9.81 = 9810 “15 S\ S=1045

, 2 ~
P09 125\ mug=0.01886.
u

P 2
283 (01+m,)98l= 98102%' 15+
e

. 2
a) (.01 + .01886) 9.81 = 9810 PO -

15S.  \ S=1.089.
b) Mg = 0.01886 kg,
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4 - 4
284 g1, =Pd P O 4 oaer
64 64
, , , 2 -
v oW 86247 p (51127 12/12 _ o e o 433 oo
o 62.4 p(5/12)

2.85

2.86

2.87

\ GM =.02367/.4363- (.5-.4) =-0.0457". \ Itwill not float with ends horizontal.

b) I, = 0.02367 ft*, V= 0.3636 ft*, depth = 0.6667"

GM =.02367/.3636 - (5- 4)/12 = ~0.01823. \" It will not floet as given
0) V = 02000, depth = 6.4", GM = 02507 _ 4= 32 _ 60147\ 1twill float.
2000 12

With ends horizontd |, =pd*/64. Thedisplaced volumeis

V =g,pd*h/ 4" 9800 =8014" 10"°g,d® sinceh = d. The depth the cylinder will
ark is
depth = VT =8.014" 10°g d*/pd®/4=10.20" 10°g,d

The distance CG is @:2- 10.2° 10°°g,d /2. Then

4
-__Pd /fcf 3-9+1o.2'1o-59xd/2>o.
8014° 10°g,d° 2

Thisgives (divide by d and multiply by g):
6125-.5g.+51  10° g2 >0.

Consequently,
g« > 8369 N/m’ o g< 1435 N/im?

d’ d’
R VA L L

avi-d 112 (di2-sd/2)=d2- 143
125 2 2 S
If GM = 0the cubeisneutral and 6§ —6S+ 1 =0.

1
ce h
|\ 5= 0%v36-24 “135'24 = 0.7887, 0.2113. —L

The cubeisungableif 0.2113 < S< 0.7887.
Note: Try S= 0.8 and S= 0.1to seeif GM > 0. Thisindicates Sability.

Asshown, y = % = 6.5 cm above the bottom edge.

4g° 95+16g  85+16S,g”° 4
50" 8+29  8+S,g” 16

G= =6.5cm.
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2.88

2.89

2.90

291

2.92

\ 130 + 104 Sy = 174 + 64 Sa. \ Su=11

_ 16" 4+8 1+8 7 _ 16" 1+8 4+8" 4
a) y= =4, X = =
16+8+8 16+8+8
For G- y:lZ 16 ,4+.5 ,8 1+1.,5 8" 7 - 4682,
12" 16+5 8+15" 8

2.5.

,_12716+5° 8" 4+15" 8 4

: - - = 2.364.
12" 16+5° 8+15" 8
G must be directly under C.
136
tang = ——.\ g=11.3°.
962 ' ==
, L1, L1 ,
4° 2+2° =+2° 35 4" Z+2°2+2° 2
b) ¥ = 2 =2 x=_—2 =125
4+2+2 4+2+2
ForG:yzlz ,4 2+.'5 1+1.§ 7 :2_34_)(:1.2, 2+.5' 4+1.5' 4 _ 11
12° 4+5° 2+15° 2 12" 4+5° 2+15° 2
Dy=0.34, Dx=0068. tanq = %. \ q=113°.
The centroid C is 1.5 m below the water surface. \ CG =15m.
- o3
Using Eq. 24.47: GM = %,’132 -15=1777- 15=0277>0.
\ Thebageis gable.
y= 8485 3414+1697 1_, 4., \ CG=18- 15=03m.
8485+1697
-, 3
Using Eq. 2.4.47: GM = L8485 /12 5 146 3-116, \ Stable.
3497/
Ppiug = 20000 +gh = 20000 +6660" (1.2° i) = 24070 Pa
(A) 9.81 ,
Foug = Ppiug A= 24070" p” 0.02* =30.25N
20 _H
a) tana = S8l 1 \ H=8155m. Pmax = 9810 (8.155 + 2) = 99 620 Pa

b) pmax =1 (g + a;) h=1000 (9.81 + 20) © 2 =59 620 Pa
C) Pmax = 194" 60 (=12) — 1.94 (32.2 + 60) (—6) = 2470 psf or 17.15 psi
d) Prmax = 1.94 (32.2 + 60) (—6) = 1073 psf or 7.45 psi
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2.93

2.94

2.95

2.96

Thear volume is the same before and after. z

A D
\ 05" 8=hb/2. tana = -2 =,
981 b )
4=1981, "\ h=2856. \ Usedottedline L
2710 : -

2.5w + % 25 2452=4. \ w=0.374m.

a) pa=-1000" 10 (0—7.626) —1000 " 9.81" 2.5=51 740 Paor 51.74 kPa
b) pg =—1000 " 10 (0—7.626) = 76 260 Paor 76.26 kPa
¢) pc = 0. Air fillsthe space to the dotted line.

Use EQ. 25.2: Assume an air-water surface as shown in the above figure.

, e & 8a oOU
a) 60 000 = —1000 ay (0-8) — 1000~ 9.81 & - ¢25- / x 20
§ & 981 g
279 8a
4= m 60 =8a, + 24.52 -9.81 X ay—4.435=1.1074 Jax.
2a, 9.81

a’ —10.1a,+19.67=0 \ ay=2.64, 7.46 m/s’

% 6
b) 60 000 = 1000 & (-8) ~ 1000 (9.81 + 10)¢- 25 + /2";‘;1 °
.01l9

60 = 8 & + 49.52 - 19.81 1221' a—131=1574 [a.
a? -5l1a+144=0 \ a,=0.25,48 m/s

¢) 60 000 = —1000 & (~8) — 1000 (9.81 + 5) (~2.5 + %).
60 = 8 a, + 37.0— 14.81 1?121' a—2.875=1.361 .[a.

a’ —7.6ax+8266=0 \ a,=1.32,6.28 /s

a) ax=20" .866=17.32m/s*, a,= 10 m/s>. Use Eq. 2.5.2 with the peep hole as
postion 1. The x-axisishorizonta passng thru A. We have

pa=-1000" 17.32 (0—1.232) — 1000 (9.81 + 10) (0 —1.866) = 58 290 Pa
b) pa=-1000" 8.66 (0—1.848) — 1000 (9.81 + 5) (0 —2.799) = 57 460 Pa
¢) The peep holeislocated at (3.696, 5.598). Use Eq. 2.5.2:

pa=-1.94" 51.96 (0—3.696) — 1.94 (32.2 + 30) (0 —5.598) = 1048 psf
d) The peep holeislocated at (4.928, 7.464). Use Eq. 2.5.2:

pa=-1.94" 25.98 (—4.928) —1.94 (32.2 + 15) (—7.464) = 932 psf

a) The pressureon theend AB (ziszero & B) is, usng Eq. 2.5.2,
p(2) =—-1000 " 10 (—7.626) —1000 ~ 9.81(2) = 76 260 — 9810 z
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25

\ Fz = (76 260- 98102)4dz =640 000N or 640 kN

0
b) The pressure on the bottom BC is
p(x) =—1000" 10 (x —7.626) = 76 260 — 10 000 X.

7.626

\ Fyc = (Y76 260- 10 000x)4dx =1.163" 10°N or 1163 kN
0

¢) Onthetop p(x) =—1000 " 10 (x — 5.174) where position 1 is on the top surface:

5.174

\ F d51 740 - 10 000x)4dx =5.35" 10°N or 535kN

top

297 a The pressure a Aisb58.29kPa. AtBitis
ps =—-1000" 17.32 (1.732-1.232)
—1000 (19.81) (1-1.866) = 8495 Pa.
Since the pressure varies linearly over AB, we C
can use an average pressure times the area:

Fo = 58290 +8495, 15" 2 =100200 N or 100.2 kN

2

4 X

b) pp =0. pc=-1000" 17.32 (~.5-1.232) - 1000 19.81(.866-1.866) = 49 810 Pa.

Feo 2%' 49810° 15" 2 =74720N or 74.72 kN.
C) pa = 58 290 Pa. pc=49810Pa. \ F,. 2&42-4981 15 =81.08 kN.

298 UseEq. 25.2 with postion 1 at the open end: |
a) pa=0sncez =12z
ps =1000" 19.81" 0.6 =11890 Pa
pc =11 890 Pa.

SN

b) pa=—-1000" 10 (.9-0) =-9000 Pa.
ps =—000" 10 (.9)-1000 " 9.81(-.6) = —3114 Pa

pc=-1000" 9.81" (-.6) = 5886 Pa.

¢) pa =—1000" 20 (0.9) = —18 000 Pa.
ps =—1000" 20" 0.9-1000" 19.81(- 0.6) =—6110 Pa.  pc=11890Pa

dpa=0. ps=194" (32.2-60) &2 caile —-11295f pc = =112 psf.

&) pa=194" 60§ 12@—-36495I‘.

375 255
ps=1.94" 60 g ° ~1.94" 32.2 g E%:—Z?Agsf.




2.99

pc=-194" 32.2 § ng 130 psf.

f)pa=1.94" 30 ?ﬂg = 182 psf.

P = —1.94(-30) . 250 = 433 pf.

25¢
pc=-194" 62.2 ge E%: 251 psf.

Use Eq. 2.6.4 with position 1 at the open end:
=20 P 5055 ads

, 2
3 p, :M' (6" 15 =11100Pa
P = 1000° 523" 9 +9810° 6=169%0Pa
pc=9810" .6= 5886 Pa

|

b) p, == 1000  5.236%  0.6% = 4935 Pa.

Ps == 1000 5.236°" 0.6°+9810" 0.4 =8859 Pa

NI, N

Pc=9810" 0.4= 3924 Pa.
O p, == 194" 52367 ?ﬁgz—zsgmsf
Pam3 ' 12 9 —

25

1, . 5, 57.502 ,
==’ 194" 5236°° &% +624° = =389.7 psf.
Pe 2 12 @ 12

pc=62.4" fg 130 psf.

H

.2
d) p,==" 194" 5.236°’ ?EQ = 93.5 psf.

N

15

N|H

Ps =

pc = 62.4° g-mgsf

31
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2.100 UseEg. 2.6.4 with position 1 at the open end.
1

a) p, :E' 1000~ 10% (0—0.9%) =—40 500 Pa.
pg = —40 500 + 9810~ 0.6 = =34 600 Pa.
pc=9810" 0.6 = 5886 Pa.

b) p, = % 1000~ 10% (0—0.6%) =—18 000 Pa. rlic B

pg = —18 000 + 9810~ 0.4 = —14 080 Pa.
Pc=9810" 0.4 =3924 Pa

oy
> N

—~
e

1, . . ,& 3750
O p,. == 194" 102 D- Y = 947 ps.
) Pa =3 & gy =
25 .25
pe=-047 + 624" £ =817 pe= 624" 2 =130pd.
2
d) pA:l 1.94° 102%e225 =341 o
15 15
pe=-341+624" = ==263pd. pe= 624" = =781,

2.101.1Use Eq. 2.6.4 with postion 1 at the open end and podition 2 &t the origin. Given: pz = 0.

a0= E " 1000 w? (0 —0.45%) — 9810 (0—0.6). \ w = 7.62 rad/s. Z

b) o:% 1000 w? (0 —0.3%) —9810 (0—0.4). \ w=9.34 rad/s. :
c)O:%’ 1.94WZ§B 1?[2752——624§ '\ w=741radls r_r_(“‘i'ﬁw_
d)O:% 2811252 ~624% =9 96 |\ = 957 radis

2.102 Theair volume before and after is equal.

| o
\ Spgh=p 672\ Zh=0144 R
: , h oo ‘J__.‘r :
a) UsngEq. 265 r2” 5°/2=981h LT
\ h=0428m oy
\ pa= ; 1000 " 52" 0.6%— 9810 (-0.372) . |
| —r
= 8149 Pa |

b)y r{” 7°/2=9.81h. \ h=0.6m.

\ mz@’ 727 0.6°+9810° 0.2=10780 Pa
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¢) For w = 10, part of the bottom is bared. ‘z

s 2, — 1 2 1 2 ! -
p° .6 .Z—EprO h- Eprl h,. ‘ o
Using Eq. 2.6.5: 4’—"
Wzroz h Wzrlz _ hl o ‘
29 29 o
_20,, 209, A P
\ 0144—Fh - F or 3 hl @\\] »
h - he = 0144 10°
27 981

Also,h—h; =08. 1.6h—-064=.7339. \ h=0.859m, r; =0.108 m.

\ pa= % 1000 10? (0.6%—0.108%) = 17 400 Pa.

-, 2
d) Following part (¢): h? - h? :%. 1.6h—.64=2936\ h=2235m.
\ pa= % 1000 " 207 (0.6%—0.265%) = 57 900 Pa r,=0.265m

2.103 The answersto Problem 2.102 are increased by 25 000 Pa.
a) 33150 Pa b) 35 780 Pa C) 42 400 Pa d) 82 900 Pa

1
2.104 p(r) :Erwzrz - rg0- (.8- h). A = 2orar

p(r) = 500w?r? + 9810(.8 - h) ifh<.8.
p(r) = 500w?(r? - r?) ifh>.8. r
6

a) F = Qp2prdr =2p (Y12 500r° +3650r)dr = 6670 N.
0

(Weused h =.428 m)

.6
b) F = (p2prdr = 2p (Y24 500r° +1962r)dr = 7210 N. (Weused h=0.6m)
0

.6
) F =p2prdr =2p (Y50 000(r°- 108%r)dr = 9520 N. (We used r1 = 0.108 m)

-.108
6

d) F = Op2prdr =2p (Y200 000(r *- .265%r)dr = 26 400 N. (r1 =0.265m)

.265



