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CHAPTER 2
Fluid Statics

FE-type Exam Review Problems: Problems 2.1 to 2.9
21 (C) P =7ngh = (13.6x9810) x (28.5x 0.0254) = 96 600 Pa

22 (D) p=p,—pgh=84000-1.00x9.81x 4000 =44 760 Pa
23 (C) Py = Pamn +7xN =V water Ny = 0+ 30 000x0.3—9810x 0.1 =8020 Pa

24 (A)  p,=—yH=—(13.6x9810)x0.16 = 21350 Pa
Paafter = 21350410 000 = ~11350 =13.6 x 9810H 4. - Hygier = 0.0851m

25 (B)  The force acts 1/3 the distance from the hinge to the water line:
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2.6

2.7

2.8

2.9

(A)

(D)

(A)

(A)

S 1 S 5
(2% 3)>< P= 3><(2>< 3)><[9800><1><3><(2>< 3)] . P=32670N
The gate opens when the center of pressure in at the hinge:

1.2+h T 112+h b(.2+h)3/12
y=___ +5. Y, =¥+ = + =5+1.2.

2 Ay 2 (L2+h)b@l.2+h)/2

This can be solved by trial-and —error, or we can simply substitute one of the
answers into the equation and check to see if it is correct. This yields h = 1.08 m.

Place the force F, + F, at the center of the circular arc. Fy passes through the
hinge:

~P=F, =4x1.2wx 9800+ (r x1.22 / 4)wx 9800 = 300 000, .. w =5.16 m.

W=y¥
900x9.81=9810x0.01x15w. ..w=6m

5
Ppiug =20 000+7h =20 000+ 6660 (1.2x ") = 24070 Pa

Foiug = PplugA=24070x7x0.02> =30.25 N .

16
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Chapter 2 Problems: Pressure

210 XF =ma: pAz—pAssina:péyﬁa i
y y y y pAS
2 pyAz_. Az As
z z z 2 z 2 l Ay o ,
Since Ascosa = Ay and As sin a = Az, we have pPgAV TpZAy
A Az
py—p=p—2yay and P.=P=p", (& +g)
py —-p= 0]
Let A 0 and Az — 0: then 2 P, =P, =P
y —> - o' p= o} py=p,=Pp
211 p=yh. a) 9810 x 10 =98 100 Pa or 98.1 kPa

b) (0.8 x 9810) x 10 = 78 480 Pa or 78.5 kPa

c) (13.6 x 9810) x 10 = 1 334 000 Pa or 1334 kPa
d) (1.59 x 9810) x 10 = 155 980 Pa or 156.0 kPa
e) (0.68 x 9810) x 10 = 66 710 Pa or 66.7 kPa

212 h=ph. a) h=250000/9810 = 25.5m
b) h=250000/(0.8 x 9810) =31.9 m
¢) h =250 000/(13.6 x 9810) = 1.874 m
d) h =250 000/(1.59 x 9810) = 16.0 m

e) h =250 000/(0.68 x 9810) = 37.5m
o b _20x144

213 - =231 = 1.94 x 2.31 = 4.48 slug/ft®.
vh~ 624x20 = P *
214 a) p=vh=0.76 x (13.6 x 9810) = 9810 h, ~h=1034m.
b) (13.6 x 9810) x 0.75 = 9810 h. ~h=102m.
¢) (13.6 x 9810) x 0.01 = 9810 h. ~h=0.136m or 13.6 cm.

215 @) p=7y1hs + y2ho = 9810 x 0.2 + (13.6 x 9810) x 0.02 = 4630 Pa or 4.63 kPa.
b) 9810 x 0.052 + 15 630 x 0.026 = 916 Pa or 0.916 kPa.

17
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c) 9016 x 3+ 9810 x 2 + (13.6 x 9810) x 0.1 = 60 010 Pa or 60.0 kPa.

2.16 Ap = pgh = 0.0024 x 32.2 (~10,000) = —773 psf or -5.37 psi.

18
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pg ,, 100x9.81 ]

Ap =p gAh= Ah x3=13.51Pa
outside 0 RT, 0.287x 253 )
2.17 . Ap =1.84Pa
% base
APirgige = pigAh =22 an =208 51 67py |

RT,  0.287x293

If no wind is present this Ap,,. would produce a small infiltration since the higher
pressure outside would force outside air into the bottom region (through cracks).

2.18 p = pgdh where h = —z. From the given information S = 1.0 + h/100 since S(0) = 1 and
S(10) = 1.1. By definition p = 1000 S, where pwaer = 1000 kg/m3. Then
dp = 1000 (1 + h/100) gdh. Integrate:

p 10
[ dp = [1000(1+h/100)gdh
0 0

102
2x100
3

Note: we could have used an average S: Sayg = 1.05, so that p,,, = 1050 kg/m .

p =1000 x 9.81(10 + ) =103 000 Pa or 103 kPa

2.19 Vp:QQi+QQj+QQk
ox oy oz
=—payi—pa,j—po,k - pgk =—p (ayi+ayj+a,k)-pgk =—pa—pg

~Vp=-p(a+9)

220 p=paml(Ty —a Z)/To]g/mR

= 100 [(288 — 0.0065 x 300)/288]%81/0.0065 287 = 96,49 kPa

P = Pt —Pgh =100 1 x9.81x300/1000 = 96.44 kPa

0.287x 288

44 -96.4
% error = % x100 =-0.052%

The density variation can be ignored over heights of 300 m or less.
(T —az\g/aR
221 Ap=p- Po = patm| S | ~ Patm
L To )

9.81/0.0065x287
100 ( ( 288-0.0065x20

| —1] =-0.237Pa or -0.000237 kPa

19
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I\ 288 ) |

This change is very small and can most often be ignored.

20
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2.22 Eg.1.5.11 gives 310,000x144 = p %Q . But, dp = pgdh. Therefore,
p

;
pgdh:4.464><10 dp or d_p: 32.2 :
p°  4.464x10
Integrate, using po = 2.00 slug/ft®:
p h
dp 32.2 (1 1) 2
= dh. .. — — =721x10"h or P=
| | 1-14.42x107"h
Ip2 4.464x107'[ p 2
2 0 K )
Now,
h h

20 29

p= I pgdh = I - dh = - In(1-14.42x107"h)
. 01-14.42x10""h  -14.42x10
Assume p = const:
p=pgh=2.0x322xh=64.4h

a) For h = 1500 ft; paccurate = 96,700 QSf and pestimate = 96,600 QSf

% error = 2. 682 _7%%’ 700 x100 = —-0.103 %

b) For h = 5000 ft; paccurate = 323,200 QSf and pestimate = 322,000 QSf

% error = 322,000-323, 200 x100 = -0.371 %

323,200

C) For h = 15,000 ft: paccurate = 976,600 QSf and pestimate = 966,000 QSf

% error = 966,000 976,600 x100 = —1.085 %

976,600

2.23  Use the result of Example 2.2: p =101 e 9RT,

a) p= 101 e—9.81 x10 000/287 x273 — 28.9 kPa.
b) p =101 e—9.81 x10 000/287 x288 — 30.8 kPa.
C) p= 101 e—9.81 x10 000/287 x258 — 26.9 kPa.

21
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9.81
224 UseEq. 2.4.8: p=101(1—0.0065z/288)00065287
a)z=3000. ..p=69.9kPa. b)z=6000. ..p=47.0kPa.
C)z=9000. ..p=30.6kPa. d)z=11000. ..p=22.5kPa.

22
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2.25  Use the result of Example 2.2: ‘F‘:—:e‘@’”RT .
0
In2-_9 Q0L _ 822z 7= 232700 ft.
Po RT 14.7 1716 x 455
Manometers

2.26 p=yh=(13.6 x 9810) x 0.25 = 33 350 Pa or 33.35 kPa.

2.27 a) p=vh. 450000 =(13.6 x9810) h. ..h=3.373m
b) p+11.78 x 1.5 =(13.6 x 9810) h. Use p =450 000, thenh =3.373 m
The % error is 0.000 %.

2.28 Referring to Fig. 2.6a, the pressure in the pipe is p = pgh. If p = 2400 Pa, then

2400
2400 = pgh=p x9.81h or p= 0814
a) p= % = 680 kg/m?. ~.gasoline
_ 2400  _ 3 .
b) p= 0810272 - 899 kg/m°. ..benzene
¢ p = 2400 Ka/m? .
p= 081x0.245 — 999 kg/m®. .. water
2400
) p= 981x0.154 — 1589 kg/m?. .~.carbon tetrachloride
. . L _1 2 2 2p, gh
2.29 Referring to Fig. 2.6a, the pressure is p = pwgh = 3 paV*e. ThenV* = T
a
) v2 - 21000981000 _ g7 ~.V=309 mis
1.23
py v2 o 2xLI322BN12 1545, -V = 115 ft/sec
0.00238
o) v2 = 210098101 _ o0 -V =39.9 m/s
1.23
23
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d) V2= 2X1-9‘:;3(’)22'§g5/ 12 - 1870 -V = 148 ftfsec

21
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2.30 SeeFig. 2.6b: p, = —yih + y2H.
p, =-0.86 x 62.4 x % +13.6 x 62.4 x % = 649.5 psf or 4.51 psi.

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

P =P + P19y + paghy + p3ghs + pyghy

Chapter 2 / Fluid Statics

=3200 + 917x9.81x0.2 + 1000x9.81x0.1 + 1258x9.81x0.15 + 1593x9.81x0.18

=10 640 Pa or 10.64 kPa

pl_p4:(pl_p2)+(p2_p3)+(p3_p4) (Use Ap = pgAh)

40 000 — 16 000 = 1000x9.81(-0.2) + 13 600x9.81xH + 920x9.81x0.3.

SH=0.1743m or 17.43cm

P =Py = (P —P2)+ (P2 — Ps)+(Ps — Ps) (Use Ap = pgAh)

Po — pw= 900x9.81(-0.2) + 13 600x9.81(-0.1) + 1000x9.81x0.15

=-12300Pa or -12.3kPa

P, = Ps = (P = P,)+(P, = Ps) +(Ps = Pa) + (P4 — Ps)

p, = 9810(-0.02) + 13 600x9.81(-0.04) + 9810(~0.02) + 13 600x9.81x0.16

=15620 Pa or 15.62 kPa

Pw + 9810 x 0.15—13.6 x 9810 x 0.1 — 0.68 x 9810 x 0.2 + 0.86 x 9810 x 0.15 = po.

~.Pw—Po =11 940 Pa or 11.94 kPa.

pw— 9810 x 0.12 - 0.68 x 9810 x 0.1 + 0.86 x 9810 x 0.1 = po.

With p. =15 000, po= 14000 Pa or 14.0 kPa.

a) p+9810 x 2 = 13.6 x 9810 x 0.1, ..p=-6278 Pa
b) p+ 9810 x 0.8 = 13.6 x 9810 x 0.2. ~.p=18835Pa
C) p +62.4x 6=13.6x 62.4 x 4/12. ~.p=—-91.5 psf
d) p+62.4x2=13.6x 62.4 x 8/12. ~.p =441 psf
p— 9810 x 4 + 13.6 x 9810 x 0.16 = 0. ~.p=17890 Pa

20

or

or

or

or

or

—6.28 kPa.
18.84 kPa.

—0.635 psi.
3.06 psi.

17.89 kPa.
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2.39

2.40

241

242

‘-
AH
8200 + 9810 x 0.25=1.59 x 9810 x H. ~H=0.683m T;
27
Hnew = 0.683 + 0.273 = 0.956 m. AH = 0273 = 0.1365. O—[ iAH
2
ry

p + 9810 (0.25 + 0.1365) = 1.59 x 9810 x 0.956.
~.p=11120Pa or 11.12 kPa.

p + 9810 x 0.05 + 1.59 x 9810 x 0.07 — 0.8 x 9810 x 0.1 = 13.6 x 9810 x 0.05.
-.p=5873 Pa or 5.87 kPa.

Note: In our solutions we usually retain 3 significant digits in the answers (if a number starts
with “1” then 4 digits are retained). In most problems a material property is used, i.e., S = 1.59.
This is only 3 significant digits! .. only 3 are usually retained in the answer!

The equation for the manometer is
Pa +Voaer X 0-07 = Pg +7,0; X0.1+7y,,5x0.09sin 40
Solve for pg:
P = Pa +Ywater X0-07 =y g x0.095in 40—y y;; x 0.1
= Pa +Y water X 0.07 —13.6Y \yater ¥ 0.095IN 40 —0.87 yqper X 0.1
=pp +(0.07-13.6x0.09sin 40— 0.87 x 0.1) XY yater

=10 kPa+(0.07-13.6x0.09sin 40-0.87x0.1)x9.81 kN/m® =2.11 kPa

The distance the mercury drops on the left equals the distance along the tube that the
mercury rises on the right. This is shown in the sketch.

Oil (S =0.87)

From the previous problem we have
( Ps )1 = Pa Y water x0.07 ~Vhe X 0.09sin 4'O_'Yoil x0.1 (1)

For the new condition
Ps ). = Pa +7Vuer X(0.07+Ah) -y, x0.11sin 40—v_, x(0.1—- Ahsin 40 (2)
B /o A water HG oil

21
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where Ah in this case is calculated from the new manometer reading as

Ah+Ah/sin40=11- = Ah=0.783cm
9

22
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2.43

2.44

2.45 a) AR

2.46

Subtracting Eq.(1) from Eq.(2) yields
(Ps) —(Ps) =Yuaer X(AD) =Y, x0.025in 40—y, x(—Ahsin 40)

2 1

Substituting the values of Ahand (p ) gives (p )
B

B 2

( Py )2 =211+ E((0.00783) —-13.6x0.02sin40-0.87 x (—0.00783$in 40)] x9.81
=0.52 kPa

Before pressure is applied the air column on the right is 48" high. After pressure is
applied, it is (4 — H/2) ft high. For an isothermal process p;¥ 1 = p, ¥ 2 using absolute

pressures. Thus,

147 x 144 x AA=ps(4— HI2)A or  p2= p,=8467/(4—H/2)

From a pressure balance on the manometer (pressures in psf):

8467
30 x 144+ 147 x 144=13.6 x 624 H + ——>—
X x X 4-H/?2

or H2 - 15.59 H + 40.73 = 0. S H=12.27o0r 3.32 ft.
8) p,—Ps = (P, —P,)+ (P, — P3)+(Ps — Pa)+(Ps — Ps)
4000 = 9800(0.16-0.22) + 15 600(0.10-0.16) + 133 400H + 15 600(0.07—H).
- H=0.0376 mor 3.76 cm

b) 0.6x144 = 62.4(-2/12) + 99.5(-2/12) + 849H + 99.5(2.5/12 — H).
~.H=0.1236 ft or 1.483 in.

H 2D?%/d?

Apy —y 42y, +2(y3—7,)D? /d?

2(0.1/0.005)?

= > =8487x10H™°
—9800+ 2x15 600+ 2(133 40015 600)(0.1/0.005)

o AH =8487x10"°x400 =0.0034m or 3.4mm

2(410.2)?
—62.4+2x99.5+2(849—99.5)(4/0.2)?

b) AH = 0.06x144 =0.01153ft or 0.138in.

P~ . =(P,—P,)+ (P, — ;) +(Ps — P.) (Pait = 14.0 kPa from No. 2.30)

23
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15500 — 14 000 = 9800(0.12 + Az) + 680(0.1 — 2Az) + 860(-0.1 — Az).
.. Az=0.0451m or 4.51 cm

2.47  a) pair = —6250 + 625 = -5620 Pa.
-5620 + 9800(2 + Az) — 13600 x 9.81(0.1 + 2Az) =0.  ..Az=0.0025.
~h=01+2Az=0.15m or 15cm

24
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b) pair = 18 800 + 1880 = 20 680 Pa.
20 680 + 9800(0.8 + Az) — 13 600 x 9.81(0.2 + 2Az) =0. ..Az=0.00715m
~.h=0.2+2Az=0.214 0or 21.4cm

C) Pair =-91.5+ 9.15 = -82.4 psf.
—82.4 + 62.4(6 + Az) — 13.6 x 62.4(4/12 + 2Az) = 0. -.Az =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 + AzZ) — 13.6 x 62.4(8/12 + 2A7) = 0. Az =0.0267 ft.
~.h=8/12 + 2 (0.0267) = 0.7205 ft or 8.65 in.

Forces on Plane Areas

248 F=yhA=9810x 10 x nt x 0.3%/4 = 6934 N.

2.49 (2x 5\x P :lx(Zx 5\><|_9800><1><3><(2>< Eﬂ
|

L L |
S U L3

a) F = peA = 9800 x 2 x 42 = 313600 N or 313.6 kN
b) F = pCA=9800><1><(2><4)+9800><%’x2+9800><23><1=98000N or 98.0 kN

. .P=32670N

C)F=pcA=9800x1x2x4x 2 =110900 N or 110.9 kN
d) F = pcA=9800 x 1 x 2 x 4/0.866 =90 500 N or 90.5 kN

2.50 For saturated ground, the force on the bottom tending to lift the vault is
F=pcA=9800x1.5x (2x1)=29400N
The weight of the vault is approximately

W = pg ¥ walls = 2400x 9.81[2(2x1.5x0.1) + 2(2x1x0.1) + 20(.8x1.3x0.1)] = 28 400 N,

The vault will tend to rise out of the ground.

251 F=pcA=6660x2xmx22=167400N or 167.4 kN
Find yin Table B.5 in the Appendix.

252 a)F=pcA =9800 (10 — 2.828/3) (2.828 x 2/2) = 251 000 N or 251 kN
where the height of the triangle is (32 — 122 = 2.828 m.

b) F = pe A = 9800 x 10 (2.828 x 2/2) = 277 100 N or 277.1 kN

25
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¢) F = pc A = 9800 (10 — 2.828 x 0.866/3) (2.828 x 2/2) = 254 500 N or 254.5 kN

26
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253 a) F=yhA=62.4x27.33x24=40,930 Ib. y
6x8°/36 )
y, =27.33+ =27.46ft. .. y=30-27.46=254ft.
P 27.33x 24 .
8/5.46 = 3/x. X=2.05. (2.05,2.54) ft.
b) F = 62.4 x 30 x 24 = 44,930 Ib. The centroid is the center of pressure.
8 3
= 2.667 ft. — -=". ..x=2000ft 2. 2.667) ft.
y = 2.667 ft 5333 » x =2.000 (2.000, 2.667)
c) F=62.4(30-2.667 x 0.707) x 24 = 42,100 Ib.
3
Y, =39.77+ 6x87/36 _ 39.86 ft. y=42.43 -39.86 = 2.57 ft
39.77 x 24
8 3
c 46 8/5.43 = 3/x. SX=2.04 ft. (2.04, 2.57) ft.
. X

254 a)F =yhA=9810x6xm2? =739700 N or 739.7 kN.

Yo=Y +T/IAT=6+1x2"/4(4nx6)=6.167m. (X Y)p=(0,-0.167) m
b)F =yhA=9810x6 x 2t =369 800 N or 369.8 kN.
nx2*/8
y,=6+ 2 %6 6.167m. x“+y =4
. ) 2 ) 2 ; Y A
X F=|~pdA= X(6—y)xdy = - -
F=[Fpons a6 yay=* [a-y6-ay o[
2 2, 2, — :
2
" Xpy 6% 21 J2 J' (24—4y—6y2 +y3)dy =32y. - x, = 0.8488 m
-2
~(X, y)p = (0.8488,-0.167) m
c) F=9810 x (4 + 4/3) x 6 = 313 900 N or 313.9 kN.
3x4%/36 y
=5333+27" 1% —5500m. ~y=-15

Vs " 53336 y y "
1.5

4/2.5 = . ..x=0.9375. (% Y)p=(0.9375,-1.5)m d)

* F
27
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2 .
=9810x(4+~ x 4S§n 36.9°) x 6 =330 000 N

y, =5.6+5x2.4°/36(6x5.6) =5.657m. ..y=0.343m

3c0s53.13°=18, 25-18=07, 24/2057=.7/X,. .. X =06
x=1.8+0.6=24, (X, Y)p = (2.4,0.343) m.

28
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255 F=yhA=62.4x11x(6x10) =41,180 Ib.

H 3
y g+l 8102 g gy B
P yA 11x 60 v

-n
.

(16 —11.758) 41,180 = 10P. ..P=17,4701b.

256 F=yhA=9810x6x20 =1.777 x 10° N, or 1177 kN.
i

3
P Ay 75x20

=7.778 m.

(10-7.778) 1177 =5P. -.P =523 kN.
257 a) F=yhA=9810x8x20 =1.70 x 10° N, or 1700 kN.

4x5° /12
20x10

Yy, =7+ ZI': 10+ =10.21 m.
Y

(125-10.21) 1700 =5P. ..P =779 kN.
b) F :yEA =9810x10x20 =1.962 x 10° N, or 1962 kN.

_ 1 4x5-/12
y =y+ __ =125 =12.667 m.
7 20x12.5
pP Ay

(15-12.667) 1962 =5P. ..P =915 kN.

¢) F=yhA=9810x12 x 20 =2.354 x 10° N, or 2354 kN.

T 3

y =7ia=15e B2 g5y

' Ay 20x15

(17.5-15.14) 2354 =5P. ..P = 1112 kN.

258 y =Y +L = H + bHF /12 = H,H = 2 H. vy is measured from the surface.
P Ay 2 DbHxH/2 2 6 3 P
2 1
-.From the bottom, H-y =H - §H = §H.
Note: This result is independent of the angle o, so it is true for a vertical area or a sloped
area.

2.59 F:yllsin4o 3. Fx ' =(1+2)Psin40. Sy 1B =2(1+2)P.

29
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2 3
a) 9810x2°=2(2+2)P. ..P=9810N

b) 9810x43=2(4+2)P. ..P=52300N
c) 9810x5°=2(5+2)P. ..P=87600N

30
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260 h= 1.2°-04% =11314m.A=12x 11314+ 0.4 x 1.1314 = 1.8102 m?
Use 2 forces: F =yh,A; =9800x0.5657 % (1.2x1.1314) = 7527 N

1.1314

F =yh A =9800x """ x(0.4x1.1314) = 1673 N
2 c 2 3
2 _ 1, 11314 0.4x1.1314%/36
= (11314). = "= + =0.5657 m
Yo = 5 (1314). ypp=y+ Ay 3 04x(L1314/2)x(1.1314/3)

M =00 7527x1.1314/3+1673x(1.1314 -0.5657)-1.1314P =0. ..P=3346N.

hinge

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

y=(h+H)/3, A=(h+H)*, I =[2(h+H)](h+H)* /36
h+H 2(h+H) 436 h+H h+H h+H
yp: + 2 = + =
3 (h+H)*(h+H)/3 3 6 2

a) h="". ~h=H=09m

2.62 The gate is about to open when the center of pressure is at the hinge.

_bx18%12
(0.9+H)1.8b°
bx2°/12

8) y, =12+ H = (1.8/2+ H)+ ~H=0.

b) y, =1.2+ H =(2.0/2+ H)+ ~.H=0.6667 m.

(1+H)2b

bx2.23/12
—12+H=(22/2 —IXLL L ~H=2933m.
Q) Yp =L2+H=@2202+H)+ 0 1 oo m

2.63 F:yﬂbu:lysz Hg-
o2 2 F,t )

F, =yH x tb =vb{H
2 =V ! —>||/2E

1 H
EybH2x§=ybEHx£. ~H=43 F,
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a) H=.3%x2=3464m b)H=1732m c)H=10.39' d)H=5.196'
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2.64 A free-body-diagram of the gate and block is sketched.

Sum forces on the block: T
SF, =0 ~W=T+F ) !
where Fg is the buoyancy force which is given by 54; T
Fp
R =v[nR*(3-H) , T
Take moments about the hinge: Fy i
Tx35=F,x(3-Y,) v

where Fy is the hydrostatic force acting on the gate. Itis, =r

using h=1.5mand A=2x3=6 m’ R,

Fy =yhA=(9.81kN/m®)(1.5 mx6 m*)=88.29 kN

From the given information,

T 2(3")/12
Yo=YV +— =15+—"—— =2m

VA 1.5x6

88.29x(3-2)

T=——————=2523kN

3.5
Fo =W -T=70-2523=4477kN.  -ynR*(3-H)=44.77
H=3m- FLLERN , =1.55m

(9-81 kN/m®* ) (1 m)

Assume 1 m deep
2.65 The dam will topple if the moment about “O” of F1 and F3 exceeds
the restoring moment of W and F.

Fl
a) W =(2.4x9810)(6x50+24x50/2) =21.19 x 10° N —— W\,
300x27 +600x 16 =0
dy, = =19.67 m. (dw is from O to W.) 3
300+ 600
F2=9810x5x11.09=0.544x 10°N. d, = % = 3.697 m.

4 2
F, = 9810 x 2, 45 =9.933 x 10°
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N. di=15m. (diisfromOto F1.)

F,=9810x 20 50 —gogzx10° N, o, = 23xI0I0x20 g9,
2 2,943+ 5150

6
Wd, +F,d, =4188x10 N-m)

B 6 b .will not topple.
Fd +Fd =2961%x10°N-m

11 33 J
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b) W= (2.4 x 9810) (6 x 65 + 65 x 12) = 27.55 x 10° N.

390 x 27 + 780 x 16
to = =19.67 m.
390 + 780 m
6
F, =054x10 N. d, =3.70m.
F1 = 9810 x 30 x 60 = 17.66 x 10° . d =20 m.
F-0810x 2H0 50 103 108N, g, = 2BXIELIEAN0 o0,
2.943+7.358

6
Wd,, + F,d, =5439x10 N-m]

- it will topple.
Fd +Fd =5445x10°N-m }

11 3 3 J

c) Since it will topple for H = 60, it certainly will topple if H =75 m.
Assume 1 m deep

2.66  The dam will topple if there is a net clockwise moment about “O.”

W3\
a) W=W, +W,. W, =(6x43x1)x62.4x2.4 = 38640 Ib. . v i
W, = (24 x 43/ 2) x 62.4 x 2.4 = 77,280 Ib. —=/ W -
W, = (40 x 22.33/2) x 62.4 = 27,870 Ib @ 20.89 ft. F,

F, =62.4x20x (40 x1) =49,920 Ib @ 40/3 ft.
F, =624 x5x(10x1) =3120Ib @ 3.33 ft

. _[Fu=18720b @151t
° |Fp2=28,0801b @ 20 ft

SMg: (49,920)(40/3) + (18,720)(15) + (28,080)(20) — (38,640)(3)
—(77,280)(14) — (27,870)(20.89) — (3120)(3.33) < 0. .. won’t tip.

b) W1 =6 x 63 x 62.4 x 2.4 = 56,610 Ib. W> = (24 x 63/2) x 62.4 x 2.4 = 113,220 Ib.
F, =62.4x30x60 =112,300 Ib. W, = (60x22.86/2) x62.4 = 42,790 Ib.

F, =62.4x5x10 =3120 Ib
F, =624x10x30 =18,720 Ib. F, =62.4x50x30 /2 =46,800 Ib.

Mg (112,300)(20) + (18,720)(15) + (46,800)(20) — (56,610)(3)
— (113,220)(14) — 42,790(21.24) = 799,000 > 0. .-.will tip.
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c) Since it will topple for H = 60 ft., it will also topple for H = 80 ft.

36

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 2 / Fluid Statics Chapter 2 / Fluid Statics

Forces on Curved Surfaces

Pa—

267 M, =0. 25P—dy xW—dixF1=0. %:j%j p
2 F_Ly
p=112 ag0x1xgs 22 L 080022 4 “62700N T
25L3 3 4 d,

Note: This calculation is simpler than that of Example 2.7. Actually, We could
have moved the horizontal force Fy and a vertical force Fv (equal to W)
simultaneously to the center of the circle and then 2.5P = 2Fy.=2F;. This
was outlined at the end of Example 2.7.

2.68  Since all infinitesimal pressure forces pass through the center, we can place the resultant
forces at the center. Since the vertical components pass through the bottom point, they
produce no moment about that point. Hence, consider only horizontal forces:

(Fii )uaer = 9810 2 (4x10) = 784 800N
(Fiy )oil = 0.86x 9810 x1x 20 =168 700N

XM: 2P =784.8x2-168.7 x 2. -.P=616.1 kN.

2.69 Place the resultant force F, + F, at the center of the circular arc. F, passes through the
hinge showing that P = F, .

a) P=F, =9810(6x 2 x4 +m x4) =594 200 N or 594.2 kN.

b) P = Fy =624 (20 x 6 x 12 + 97 x 12) = 111,000 Ib

2.70 a) A free-body-diagram of the volume of water in the vicinity of the surface is shown.
Force balances in the horizontal and vertical directions give:
F,=F
F,=W+F
where F, and F, are the horizontal and vertical components ~ F, —

of the force acting on the water by the surface AB. Hence,

F, = F, =(9.81kN/m®)(8+1)(2x 4)=706.3 kN Be
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The line of action of Fy is the same as that of F». Its distance from the surface is
T 4(2°) 12
y =y+— =9+—*— =9.037m
P VA 9x8
To find Fy we find W and F1:
W =yV :(9.81 kN/m3)r2x2—E (22)—|><4=33.7 kN

4]

F =981 kN/m?® (8><2><4) =628 kN
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K =F+W =33.7+628 =662 kN
To find the line of action of Fy, we take moments at point A:
K xx, =Fxd +Wxd,

whered =1m, and d = 2R = 2x2 =1.553 m:

' * 3(4-m) 3(4-m)

_ FExd +Wxd, 628x1+33.7x1.553
I - 662
Finally, the forces Fn and Fv that act on the surface AB are equal and opposite to those
calculated above. So, on the surface, Fn acts to the right and Fv acts downward.

b) If the water exists on the opposite side of the surface AB, the pressure distribution would
be identical to that of Part (a). Consequently, the forces due to that pressure distribution
would have the same magnitudes. The vertical force Fv = 662 N would act upward and
the horizontal force Fn = 706.3 N would act to the left.

Xy =1.028 m

2.71 Place the resultant Fy + K, at the circular arc center. F passes through the hinge so that
P=F,. Use the water that could be contained above the gate; it produces the same
pressure distribution and hence the same F,.We have

P=F =9810(6x3x4+9t)=983700N or 983.7 kN.

2.72 Place the resultant F, + K, atthe center. K, passes through the hinge
2x(9810x1x10)=28P. ..P=70070N or 70.07 kN.

2.73  The incremental pressure forces on the circular quarter arc pass through the hinge so that
no moment is produced by such forces. Moments about the hinge gives:

3P =0.9W=0.9 x 400. ~.P=120N.

2.74 Theresultant F, +F, of the unknown liquid acts through the center of the circular arc.

R, passes through the hinge. Thus, we use only (F,),,. Assume 1 m wide:

oil *

Y _ m* ()
2) sM: R 98107 R [+ *R[9800s R |=riy RR. .y =4580 N/m?
3L 2 ) 3\ 4 ) Ux2 ) x
30
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N S )

m
by sM: Ri624RR |+ %R (6245 R |_Riy RR. oy =29.1 Ib/ft
30U 2 ) 3l 4 ) \Ux2 ) x

2.75 The force of the water is only vertical (Fv), acting through the center. The force of the
oil can also be positioned at the center:

a) P=(F,), = (08x9810) x 0.3x 3.6 = 8476 N.
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ZFy :0:W+(FV)0_(FV)w

0=5x9810mx 0.6%x 6 + (0.36— %\JX 6 x (0.8 x 9810) — 98107t x 0.18 x 6

—9810x0.8x2x0.6%2—6 S =0.955,
b) pgV¥ =W. = 1996 Ib.

z:Py:():‘/V‘l'(FV)o_(F\/)w
0=Sx624xmx22x20+ (4—%[)x20x0.8x62.4—62.4><Tc><2><20

—62.4x.8x 2 x 2% x 20. .S =0.955.

2.76  The pressure in the dome is

a)p=60000-9810x 3 0.8 x 9810 x 2 = 14870 Pa or 14.87 kPa.

The force is F = pAprojected = (1t x 3%) x 14.87 = 420.4 kN.
b) From a free-body diagram of the dome filled with oil:
Fwela + W = pA
Using the pressure from part (a):

F
A weld
_ 2 104 o\ _ P
Fuweld = 14 870 x 7t x 3 — (0.8 x 9810) x nx3" =-23400N
ACTY
or—23.4 kN
2.77 A free-body diagram of the gate and water is shown. y
HerdwoHxP. dA=xdy
o o4
a) H=2m. F=9810x 1 x4 =39 240 N. I X
2 2 1/2 3/2
W =9810] 2xdy = 9810[ 2 Y —dy = 2xB102 5160,
Yy ‘/E 3/2
0 0
1 1
X [ ax%dx
LY 2 1(1/4)
32
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d, =X= = = | | =0.375m.

w 1

[ xdy [ axeo 2\1/3)
0

S P= L x 39 240 + 0305

3 2

x26160 =17980N or 17.98 kN.
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b) H=8ft. F=624x4x32=7987Ib

2
W =624 4xdy = 62.4 x 4 4x”dx = 62.4 x 16 x 2° / 3 = 2662 Ib.
0

12
£I4x3dx
- Z—— 1(16/4) 1(8 )
dy,=x= =, | =0.75ft. -.P=_| _x7987+0.75x2662 |=2910 Ib
2 2. 8/3 ) 8\3 )
I4x2dx
0
Buoyancy

2.78 W = weight of displaced water.
a) 20000 + 250 000 = 9810 x 3(6d +d?/2). -.d2+12d-18.35=0. ..d=1.372m.

b) 270000 =1.03 x 9810 x 3(6d +d?/2). d?+12d—17.81=0. ..d=1.336m.

2.79 25+ Fg =100. S Fe=75=9810 ¥. o M=7645%x10°m?
vy x 7.645 x 1073 = 100. or 7645 cm®
-y =13 080 N/m?.

2.80 3000 x 60 =25 x 300 Ad x 62.4. -.Ad =0.3846'or 4.62".

2.81 100000 x 9.81 + 6 000 000 = (12 x 30 + 8h x 30) 9810
~.h=1.465m. ..distance from top =2 — 1.465=0.535m

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

2.83 The forces acting on the balloon are its weight W, the buoyant force Fg, and the weight of
the air in the balloon Fa. Sum forces:

4 4
Fe=W+Fa or gnR3pg:1000+§nR3pag

§n><53 100x9.81 —1OOO+47:><53 100x9.81

= _ . Ta=350.4Kor77.4°C
0.287x 293 3 0.287T,
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2.84 The forces acting on the blimp are the payload Fp, the weight of the blimp W, the buoyant
force Fg, and the weight of the helium Fu:

Fg=Fp+ W+ Fy
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15007 x1502 x —00¥98L _ 1 F) 4 1500 7 x 1502 x =00 x9BL
0.287x 288 2,077 % 288
8
~Fp=086x10° and  Npeople = % = 123100

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

2.85 Neglect the buoyant force of air. A force balance yields

Fe=W+F
=50+10=60=9800 ¥. ..¥=0.006122 m?
Density:  pg¥ =W.

p x9.81x0.006122 = 50. :.p =832.5 kg/m®
Specific wt: y=pg=832.5x9.81=8167 N/m3
Specific gravity: §=—L0— =8329¢_ g g35
pwater 1000
2.86 From a force balance Fg = W + pA. Fe

a) The buoyant force is found as follows (h > 16"):

cosO = h_lﬁ, Area = OR?— (h— 15— R) R sin®
R pA
-.Fg =10 x 62.4[nR? - OR? + (h — 15 — R) R sin0]. :
Fe = 1500 + yhA. (22
The h that makes the above 2 Fg’s equal is found by trial-and- @T
error: h-15
h=165 1859 2 1577 h=16.8: 18662 1858 Z 4
h=17.0: 187021960 ..h=16.8ft.
b) Assume h > 16.333 ft and use the above equations with R = 1.333 ft:
h=16.4: 1857 2 1853 ~h=16.4ft
¢) Assume h < 16.667ft. With R = 1.667 ft,
Fg = 10 x 62.4[0R>— (R—h + 15) R sin@] _
R_h+15 R ]
RefF &7 n-1s
Fg=1500+ yhA.  cos O = A f
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Trial-and-error for h;:
h =16 1849 2 1374 h=16.2: 1853 2 1765

h = 16.4: 1857 2 2170 ~h=16.25ft.
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287 aW=F;. [0.01+13.6 x 1000 x hnx.0152 /4] x9.81=9810V .

2 2
_mx015; . mx.005
4 4

x.06=2.769x10°m?. ~h=7361x103m

s.m,,, =13.6x1000x hr x.015% /4 = 0.01769 kg

[ 1x0.0152 T0:005% ]

b) (0.01+0.01769)9.81=9810 | — x0.15+ x0.12[S .
4 4 *

.S =0.959

2
¢) (0.01+0.01769) 9.81 = 9810 %xo.w S ..Sx=1.045

[ 71%0.0152 7t x0.0052 1
2.88 (0.01+m )9.81=9810| x0.15+ x0.12]. ..mug=0.01886.
He 4 4

2

a) (0.01 +0.01886) 9.81 = 9810 %XO.B Sy, ~.Sy = 1.089.

b) Mg = 0.01886 Kg.

Stability
d*  mx(10/12)*
289 a)|. =" _ = 0.02367 ft*.
) Lo 64 64
2
v - W .8x62.4 xnx(5/12) x12/12  _ 0.4363. depth = _04363 _ 0.8 ft
Mo 62.4 n(5/12)>

-.GM =0.02367/0.4363—(0.5—0.4) =-0.0457". .1t will not float with ends horizontal.

b) 1, =0.02367 ft*, ¥ = 0.3636 ft*, depth = 0.6667 ft
GM =0.02367/0.3636 — (5—4)/12 =-0.01823 ft. - It will not float as given.
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0.02367 4-3.2
0.2909 12

c) ¥ =0.2909, depth = 6.4", GM = =0.0147 ft. .. 1t will float.

2.90  With ends horizontal 1, =nd*/64. The displaced volume is

=y nd?h/4x9800 =8.014 x10°y d° since h =d. The depth the cylinder will
sink is

depth = V?= 8.014x10°y d®/nd?/4=10.20x10"y .d

The distance CG is CG = 2—10.2 x107°y . d/2.Then

39

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 2 / Fluid Statics Chapter 2 / Fluid Statics

4
ndf 164 _d 102x10% ,d/2>0.

8014x10 y,d 2

GM =

This gives (divide by d and multiply by yx): 612.5—-0.5yx+5.1x 1075 y? >0.
Consequently, vx> 8369 N/m? or 1x < 1435 N/m?

W sy d® W Sy d®
291 V = ——waer g3 oy —__ _——waer _gq3 - p=gq.
y water y water ’Y water y water
d*112 (1 1 S)
GM dl2 Sdl2) d .
s ) Naas 2 2) — & T
If GM =0 the cube is neutral and 632 —6S + 1 = 0. Co _hL
L5=8EN 36 ge7 00113
24
12

The cube is unstable if 0.2113 < S < 0.7887.

Note: TryS=0.8and S = 0.1 to see if GM > 0. This indicates stability.
2.92  Asshown, i =16x9+16x4/(16+16) = 6.5 cm above the bottom edge.

| 4yx9.5+16yx8.5+16S 4y x4

G =6.5cm.
0.5y x8+2y x8+5 4y x16
..130 + 104 Sa =174 + 64 Sa. SoSa=1.1.
203 a) y_16><4+8><1+8><7 _4 _16x1+8x4+8x4 _o5
' 16+8+8 ' 16+8+8 -
For G: y:1.2><l6><4+0.5><8><1+l.5><8><7 4682,
1.2x16+0.5x8+1.5x8
:1.2><16+0.5><8><4+1.5><8><4 — 9364
1.2x16+0.5x8+1.5%8

G must be directly under C.
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0.136 - 9=11.3° G 0.682
tano = . . 2
0.682
1 1
4x2+2x=+2x%x35 4x=4+2%x2+2x%x2
b) y = 2 =2, x=—2 =1.25
4+2+2 - 44242
For Gy = 1.2x4x2+0.5x1+1.5x7 — 934 5o 1.2x24+0.5x4+1.5%4 1182
1.2x4+05x2+1.5x2 1.2x4+05x2+1.5%x2
0.068
Ay=0.34, Ax=0.068. tan6="—___. ..0=11.3°.
y=0.34, Ax=0.068 0.34 0=11.3
41
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2.94 The centroid C is 1.5 m below the water surface.

L x83/12

£x8x3

Using Eq. 2.4.47: GM =

.. The barge is stable.

8.485x3.414 +16.97 x1 _
8.485+16.97

2.95 1.8 m

y:

0x8.485° /12

Using Eq. 2.4.47: GM =
SINgEq 34.97¢

Linearly Accelerating Containers

-0.3=1.46-0.3=1.16.

Chapter 2 / Fluid Statics

~CG =15m.

-15=1777-15=0.277>0.

- .CG=18-15=0.3m.

.. Stable.

20 H
296 a) tana = E: Z . . H=8.155m. Pmax = 9810 (8.155 + 2) = 99 620 Pa
b) pmax = p(g + @;) h = 1000 (9.81 + 20) x 2 =59 620 Pa
C) Pmax = 1.94 x 60 (—12) — 1.94 (32.2 + 60) (-6) = 2470 psf or 17.15 psi
d) pmax = 1.94 (32.2 + 60) (—6) = 1073 psf or 7.45 psi
2.97 The air volume is the same before and after. A|z b
- 0.5x8=hb/2. tanoc:&:h. h
4 = h mh. ~.h=2.856. ..Use dotted line. w |
2 10 B Q ¢ *
2.5w+ % x2.5%x2452=4. w=0.374m.
a) pa=-1000x 10 (0 —7.626) — 1000 x 9.81 x 2.5 =51 740 Pa or 51.74 kPa
b) ps=-1000 x 10 (0 — 7.626) = 76 260 Pa or 76.26 kPa
c) pc=0. Airfills the space to the dotted line.
2.98 Use Eq. 2.5.2: Assume an air-water surface as shown in the above figure.

a) 60 000 = 1000 ay (0-8) — 1000 x 9.81 {o - [2.5 - 8a—ﬂ

2

4= D08l oo w2450 981
2a,
2
a, ~101a,+19.67=0  ..a=2.64,
42

_—X

9.81

80y o o 4.435=1.1074 Ja,

9.81 o ' .
2

7.46 m/s
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8a
b) 60 000 =—1000 ax (-8) — 1000 (9.81 + 10) |(—2.5 . 081 ]

43
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60 =8 ax +49.52 - 19.81 1%“31 or ax—131=1574 [fa,.
2 . 2

a, —5lax+144=0 -.ax=0.25,4.8 m/s

¢) 60 000 = 1000 a (-8) — 1000 (9.81 + 5) (2.5 + |22 ).
14.81

60 =8 ax+37.0-14.81 1?%1 or ax—2.875=1.361 .[a,.
2 . 2

a, —7.6ax+8.266=0 c.ax=132,6.28 m/s

2.99 a) ax=20x 0.866 = 17.32 m/s?, a; = 10 m/s?. Use Eq. 2.5.2 with the peep hole as
position 1. The x-axis is horizontal passing through A. We have
pa =-1000 x 17.32 (0 — 1.232) — 1000 (9.81 + 10) (0 — 1.866) = 58 290 Pa

b) pa=-1000 x 8.66 (0 — 1.848) — 1000 (9.81 + 5) (0 — 2.799) = 57 460 Pa

c) The peep hole is located at (3.696, 5.598). Use Eq. 2.5.2:
pa =-1.94 x 51.96 (0 — 3.696) — 1.94 (32.2 + 30) (0 — 5.598) = 1048 psf

d) The peep hole is located at (4.928, 7.464). Use Eq. 2.5.2:
pa =-1.94 x 25.98 (—4.928) — 1.94 (32.2 + 15) (-7.464) = 932 psf

2.100 a) The pressure on the end AB (z is zero at B) is, using Eg. 2.5.2,
p(z) =-1000 x 10 (-7.626) — 1000 x 9.81(z) = 76 260 — 9810 z
25

“.Fys = [ (76 260 - 9810z)4dz =640 000N or 640 kN
0

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

7.626

SR = I(?6 26010 000x)4dx =1.163 x 10° N or 1163 kN
0

c) On the top p(x) =-1000 x 10 (x — 5.174) where position 1 is on the top surface:
5174
5 Fgp = j(51 740-10 000x)4dx =5.35x 10° N or 535 kN

0

2.101 a) The pressure at A is 58.29 kPa. At B itis D

ps =-1000 x 17.32 (1.732-1.232)
—1000 (19.81) (1-1.866) = 8495 Pa.
Since the pressure varies linearly over AB, we
can use an average pressure times the area: B

44 A
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58 290 + 8495

I:AB 2

x15x2 =100200 N or 100.2 KN X

45
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b) pp = 0. pc =-1000 x 17.32 (-0.5-1.232) — 1000 x 19.81(0.866—1.866) = 49 810 Pa.

Foo = % x49 810x15x2 =74 720N or 74.72 kN.

~58.29+4981

5 x15 = 81.08 kN.

C)pa=58290Pa. pc=49810Pa. ..F,

2.102 Use Eq. 2.5.2 with position 1 at the open end:
a) pa=0sincezx =z1.
pe = 1000 x 19.81 x 0.6 = 11 890 Pa.
pc =11 890 Pa.

|Z
@) ~ A

b) pa = ~1000 x 10 (0.9-0) = ~9000 Pa. e sll__
ps =000 x 10 (0.9)-1000 x 9.81(~0.6) = 3114 Pa
pc =-1000 x 9.81 x (~0.6) = 5886 Pa.

C) pa = —1000x20 (0.9) = 18 000 Pa.

ps = —1000 x 20 x 0.9-1000x19.81(-0.6) = —6110 Pa. pc = 11 890 Pa
(25) _

(o)

&) pa = 1.94 x 60 (— ?) = —364 psf.

d) pa=0. pe = 1.94 x (32.2-60) —112 psf. pc = =112 psf.

pe = 1.94 x 60 (L ) qaaxa2— ) =_n psf.
\ 12/ \ 12/

| 2
. ()
=-194x%x32.2 | — = 130 psf.
pc 12) p

fpaz1.94x30 [ 35) ~ 189 bt
1)
I | 2| Za33psf
_ (37.5) ()
pe = ~1.94(-30) | =21~ 194 x 622 - ) \
25
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12)
_ (o

Rotating Containers

2.103 Use Eq. 2.6.4 with position 1 at the open end: ‘z
50 x2nt 0 "
o="__ =5236rad/s.
2 2 k (O]
a) p, =(1000x5.236°/2)x (0.6x1.5) = 11 100 Pa.
P = %x 1000 x 5.2362 x 0.92 + 9810 x 0.6 = 16 990 Pa. gl

pc = 9810 x 0.6 = 5886 Pa.

47
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b) p, = % x 1000 x 5.2367 x 0.62 = 4935 Pa.
l 2 2
Py =, % 10005236 x0.6 +9810 x 0.4 =885 Pa.

pc = 9810 x 0.4 = 3924 Pa.

1 2. (315)° _
C) P,y = 5 x 1.94 x 5.2362 x o) 59.7 psf.

2
Ps = %x 1.94 x 5.2367 (31775) +62.4% 12—;3 = 389.7 psf.

pc = 62.4x25/12 = 130 psf.

2

) p, = x 194 5.236°x (%} = 935 psf.

2
Pg = %x 1.94 x 5.2362 x (21275) + 62.4 x % =171.5 psf.

pc = 62.4x15/12 = 78 psf.

2.104 Use Eq. 2.6.4 with position 1 at the open end. rA

a) p, = % x 1000 x 102 (0 — 0.92) = —40 500 Pa. e

D8 = 40 500 + 9810 x 0.6 = —34 600 Pa. db
oc = 9810 x 0.6 = 5886 Pa. 3
b) p, = % « 1000 x 102 (0 — 0.62) = —18 000 Pa. el g

pe =—18 000 + 9810 x 0.4 = —14 080 Pa.

Pc = 9810 x 0.4 = 3924 Pa.
1 [ ﬁ?)

c = 1.94 x 10 — = 947 psf.
) Pa ) x (0 144| —947 psf

ps = —947 + 62.4 x 25/12 = 817 psf. pc = 62.4 x 25/12 = 130 psf.
1 , [ 22.5%)
d) p, = 5 x 1.94 x 10 L— 192 ) = 341 psf.

48
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ps =—341 + 62.4 x 15/12 = —263 psf. pc = 62.4 x 15/12 = 78 psf.
2.105 Use Eqg. 2.6.4 with position 1 at the open end and position 2 at the origin. Given: pz = 0.
a)0= % x 1000 ®? (0 — 0.45%) — 9810 (0 — 0.6). ..o = 7.62 rad/s. O ]
z
b) 0= % x 1000 ? (0 — 0.3%) — 9810 (0 - 0.4). ..®w=9.34 rad/s. |
|
1 ( 18752) [ 25) . M
0= x1940? (0- . |-624 = . .o=ldlrads  _ I

\ 1) ’

49

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 2 / Fluid Statics Chapter 2 / Fluid Statics

1 (1L (
d)0= _x1.94 (— ) J—62.4 - . ~.®=9.57radls
2 12

2.106 The air volume before and after is equal.

%nrozh = Tx.6°x.2. S reh=0.144. T ':' ,"@
2 2 h FjL#J
a) UsingEq.2.6.5: r, x5 /2=9.81h
~.h=0.428m b
|
|

SPA= % x 1000 x 5% x 0.6%— 9810 (-0.372)
= 8149 Pa.

b) r7x72/2=9.81h. ..h=0.6m.

~ 1000

N x 7% x 0.6°+ 9810 x 0.2 = 10 780 Pa.

z

c) For =10, part of the bottom is bared. : JiL

1 1 P
tx.6°x.2="nr’h-=nar’h,. | E—
oMo oM y :

Using Eqg. 2.6.5: -
o’r? o°r

|

2 “‘\ ! ‘
L
0 —h, L—h,. A vy ONL
29 29 ' _hj L

-.0144 _ 28,2 h?

®? ®?

he _p2 0.144 x 10°
—h?=———

or

2x9.81
Also,h—h:=0.8. 1.6h-0.64=0.7339. ..h=0.859m, r; =0.108 m.
.pa=1000 x 10? (0.6°— 0.1082)/2 = 17 400 Pa.

2
d) Following part (c): h? —h? = %. 1.6h—0.64=2.936.. h=2.235m.
X Y.
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~.pa = 1000 x 202 (0.62— 0.2652)/2 = 57 900 Pa r =0.265m

2.107 The answers to Problem 2.105 are increased by 25 000 Pa.
a) 33150 Pa b) 35 780 Pa c) 42 400 Pa d) 82 900 Pa

41
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2.108 p(r)= % pw’r?—pgl0—(0.8—h)].

p(r) =5000°r2+9810(0.8— 1)  ifh<0.8.

p(r) =5000°(r* - r?) ifh>0.8.

0.6
a) F= j p2nrdr =2n | (12500r° +3650r)dr = 6670 N.
0

(We used h =0.428 m)
0.6

b) F = I p2nrdr =21 j (24 5007° +1962r)dr = 7210 N. (We used h = 0.6 m)
0

0.6

c) F= j p2nrdr = 2m j (50 000(r> —0.108%r)dr = 9920 N. (We used r1 = 0.108 m)
-0.108
0.6
d) F= j p2nrdr =2n j (200 000(r> —0.265%7)dr = 26 400 N. (We used ry = 0.265 m)
0.265
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