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CHAFTER TWO

- P . _140,000 _ 462.0 , .3
RT ~ R(39 + 273) R a/m

F Tabkl -2 =
rom e A-2 Rair 287 J/kgk

' Rig = 2077

R = 189
COZ

462.0

= - 3
Then ﬂair 557 1.61 kg/m

462.0 3

He 2,077 = 0.222 kg/m

462.0 3

Dm = 189 = 2.44 kg‘m-

(5]

300,000

P 3
RT - 189(60 + 273) 4767 ka/m

2-2 p -
co,

0. X 9= 4.767 x 9.81 = 46.7 'm

Then ¥ =0
(Z'.O2 5

223 o, mF 300,000

3-
He RT 2,077(60 + 273) 0434 Ka/n

Then Y, = 0, X g = 0.434 x 9.81 = 4.255 N/m’

2-4 Assume average pressure based on elevation =.{5;280/?J ft.

5,280
2

Then P=14.7 - = 0.00242 x 32.2/144 = 13.3 psia

v Assume T = 50°F

—— 13.3 x 144

3
&7 m = 0.00223 slugs/ft

Mass = ¥ = 0.00223 x (5.280)° = 3.28 x 10° slugs

3.28 %10°% x 32.2 = 1.06 x 10°° 1bm
10 9

1.06 x 10 x 0.4536 = 4.80 x 10" kg




CHAPTER TWO

2-5 _ P _ _ 103,000 3
Pasr = ®T - 287(10 + 273) ~ 1-268 kg/m
o
= 3 water 1,000
Pyater = 1:000 kg/m Then = 788
alr
. _ P _ 1,000 x 148 _ 3
2-6 Paiy = T ~ T,716(70 + 460) - 0158 slugs/ft
3
Tha Y., =P, X g =0.158 x 32.2 = 5,10 lbs/ft
We . =+5.10 x 3 = 15.3 1bs
We i oq = WE b WE = 15.3480 =953 bs
P P 345,000 3

Pair = RT = 287(38 ¢ 273) ~ 2i265 ka/m

= = 2 3
Yair =Fase X @ = 3,865 x 9.81 = 37.918 N/m"

2-B Mass and Weight are extensive properties: the
remaining properties are intensive.

2-9 du/dy = 10/((1/4)/12)s"'; U = 1.4 x 10 *lb-sec/ft?

Then T=pdu/dy=1.4 x 10 x 10 x 48 = Q.672 1b/ft?

2-10. Viscosities from Table A-3 in Appendix

T Air Water
10°C 1.76 x 10_° 1.31 x 10 ?
60°C 2.00 x 107 ° 4.66 x 10 ¢

: - . =5 _ = T
Then A, 1o.c0 = (2.00 = 1.76) x 107 °=42.4 x 10 *N+s/m

Al = (4.66 - 13.1) x 10 * = -

water, 10460 il
- = o ~6_2
211 AV ygego = (1489 - 1.41) x 10 4.8 x 10 "m®/s
= A u
2-12 u = 1DOy(0.1~-y) =10y - 100y?
0 0
dqu/dy = 10 - 200y 0.02 0.16
- =5 0.04 0.24
(du/dy) = 10s (du/dy) =-10s 0.06 0.24
=0 P=Red 0.08  0.16
0.10 0

T, = Mdu/dy = (3 x 107%) x 10 = 3 _x 10 “1b/fe?

-4

= - . 2
TO.I' M



FLUID PROPERTIES

2-13, u = 1,000(0.01-y) = 10y - 1,000y" y i
] 0 0
dusdy = 10 - 2,000y 0.005 2.5x10 *m/s
. . 0.01 0
tdu/ay) =10s"'; -
u/dy =0 = (duldy}?=g'i 108
Ty = Hdu/dy = 1.9 x 107 % 10 = 1.9 x 107N/’ k2 j
- o 3 = e =2 2 D
To o1 = 1-2 % 10 Y x (-10) 1.9 x 10 *nym?
2-14,V = ((dp/dx)/2u) {By =y%); B = 0.05m
dp/dx = 1,600N/m%; y = 0.012: P = 6.2 % 10 'Nes/m?
Then V), = (1,600/(2 x 0.62)) (0.05 x0.012= {0.012)7)
Vyomn - 2:388 0/
Shear stress: 1 = pdv/dy where av/dy = (1/24) (dp/sax) (8- 2v)
T, = (1,600/2) 10.05) = 40N/m’
3 = | o - = " £ 2
t o = (1,600/2) (0.05-2%0.012) = 20.8N/m*
2-15. 0il (SAE 10W) kerosene water
piNes/m?) 3.6 x 10 % (Table A-4) 1.4 x 10 '(Fig. A-2) 6.8%10 “(Table A-5)
pika/m™y 870 @93
uim? /5 4.1 x 10°° 1.7 x 10 °(Fig.A-2) 6.B x 10~

2-16. | = 1.81 % 10 nes/mir Vo= 1.51 x 10 mi/s

air,20°C

u = 1.00 % 10 *Nes/m’; v = 1,00 x 10 °m" /&

water, 20°C

HoprMoater = A=8Lx 30 0 v o /v oy = 1500

Si—

2=17., Assume linear velocity distribution: dV/dy = VW/y = wr/y
1 = pdv/dy = pur/y
/1, = Gix 1 x 2/y)/(¢ x 1 % 3/y) = 2/1 =.0.667

V=wr=2x0.0)=0.06m's

T = pdv/dy = 0.01 x 0.06/0.002 = Q.30N/m*

It~ il s, ~ " S SRS R SR S & R LTA VALY, avriteamennn K OV



CHAPTER TWO

2-18..

Solution like that for P2-17.

T = purfys

T2/'l:3 = 0.667

V= wr = 0,25 x 2 = 0.50 ft/sec.

T = pdv/dy = 0.01 x 0.50/0.001 = 5 1b/ft?

2-19.

W, = 1.76 x 10 "N*s/m’® (Table A-3)
air

=3 2
= 1.2 o
uwat 1 x 10 "N*s/m

P, = P/RT = 103,000/(287 ¥ 283) = 1.268 tg/m?

= § P
ﬂwater 1,000 kg/m

Then v , = 1%_. /P = (1.76 % 10 °)/1.27 = 1.39 x 10 °m’/s

air air = air

Y = (1.31 x 10 */1,000) = 1.31 x 10 °m’/s
watey )

2-20, E =-Ap/(i%/%)
2.2 % 10° = - 2 x 10%/(p%/1,000)
Therefore, A% = (2 x 10° % 1,000)/(2.2 x 10%).=0.91 cc
Volume after pressure applied = ¥ - AV = 9908.09 cc
2-21. E = - Ap/(bw/%)
2.2 x 10* = -Ap/(~1/100)
Ap = 2.2 x 10"N/m* = 22 Mn/m® (increase)
2-22. IF =0 2'x 2TRO
ApmR? - 2(2TRO) = O
Ap = 40/R
Note: Effect of thickness, t, is assumed negligikle,
2-23. Ah = do/i(yd) =

4 x 0.005/(62.4 x 8) = 3.21 x 10 %4 £t
d=1/4 in. = 1/48 ft; OAh = 3.21 x 10 “/(1/48)=0.0154 £t =0.185 in.
d=1/8 in. =1/96 £t; Ah=3.21%10 “/(1/96) = 0.0308 fr=0.369 in.

d=1/32 in.=1/384 ft; Ah=3.21%10 “/(1/384) = 0.123 ft = 1.48 in.




FLUID PROPERTIES

2-24. IF_=0
z
208 - hity = 0

h = 20/yt

= =3
o=7.3%x 10 “N/m ol

h=2x 7.3 x 10 */(0.001 x 9,810) = 0.0149m = 14.9 mm

2-25. Solution is similar to that for P2-22 except that only one
surface exists here.

ApnR? - 2mRg = 0 ond D o
fp = 20/R ---—4

fp =2 x 7.3 x 10 7/(0.5 x 10 7) = 292 N/m”

2-26. cp.t’r.‘w =k cp.- cv= R
cp,’c i cv/cv = R/cv
k-1= R/l:v: g.= R/{k-1)
g - R+ c, =R+ R/(k-1) = KR/ (k=1)

2=27. 100 - (101 -6€9)/32.1 = 892.7°C




‘CHAPTER THREE
3-1. p=ybz = 9,790 x 50 = 489,500 N/m’ = 489.5 kPa

Pgy/P,

ki (489.5 + 101.3)/101.3 = 5.83

3-2. P, + Yugh - patm 7 Assume P, is nil

Pl = 133,000 x 0.75 = 99.75 kPa

3-3. p = 20/(n/4) x (1)® & 25.46 psi = 175.4 kPa

% gage error = (26 - 25.46) x 100/25.46 = 2.10%

3-4, F = (14-4) (m)(7.5) = 1,767 1bf

Note: Forces acting on the surface where the shells are jolned are
neglected.

3-5. F =807 x 115 x 10777 = 5,65 kN

3-6. p = 400 kPa; p = p/RK
So Yy = gp/RK = 9.Bl x 400 x 107/(287 % 300) = 45.6 N/m’

By applying conversion factor y = 0.29 1bféftf

3-7. F=pA =80 x 10" x 1 x 2.2 = 176,000 N = 176 kN

3-8, I per belt at A-A = pi(n/4)D /20
Assume same force per bolt at B=B
p(n/4)0%/20 = p(n/4)d*/n

n=20x (@&/p)? =20 x (1/2)° =5

3=9. p =10 x 8,630 = 86,300 Pa = 86.3 kPa

4-10. y = p/h = 73.6 x 10%/5 = 14.72 xn/m’

Sp. gr, = 14.72/9.81 = 1.50

3-11, dp/dz=-Y
dp = =y{dz) = yd(d) = (10,000 + 100d)d(d}

= w u
P .I (10,000 + 100d)&(d) = |10,000d + (100/2)Yd°]
L

= 40,800 N/m° = 40.8 kPa

A
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3-12. p=Yh=9,79 x 7 = 68,530 N/m* = 68.53 kPa
3-13. p = yh = 62.37 x 22 = 1,372.14 psf
= 9.53 psi

3-14. 0+ (2/12) x 847 - 3 x 62.3 = p,

pA = z45.7 psf = =0.317 psiq
3-15. h = p/y = 120.000/9,810 = 12.23 m
=16 P (thwater * {thkarosene

=9,790 x 60 x 10 ° + 8,010 x 1 = 137884 N/m?
= 13.89 kPa

- = Ty
3-17. pv + Yﬂgh Pa;m

hiw (B = Pv)fyuq

Assume pv =0

Hg

h = (98,000 =0)7133,000 = 0.737 m = 737 mm

3-18. 0 + dyH a + 3 x3 YH o= pmax
2 2

P =13 % 9,810 = 127,530 N/m’ = 127.53 kPa

max - 1

Maximum pressire will be at the bottom of the liguid with a sp. gr. of

3.0.

Fop = PA'= (127.530 - 1 x 3 x 9,810) x 1 m* = 98.1 kN
3-19. Ap = vh = 10,070 x 6 » 10’

E, = Sp/(@p/p)

ap/p) = Ap/E, =(10.070 x & x 10" /(2.2 x 10%) = 27.46 x 1077 = 2.75%
320, p, = 9,810 (1 x 13.55-1.541.3 x 0.9) = 129,700 N/m* = 129.7 kPa
3-21 =4p/(yd) = (3 % 7.3 2 10°7) /19,810 x 1 x 107N

Ah -
surface tension
= 0,0298 m = Z£.98 <m

p, = yh = 9,810(10 -2.98) x 10 °




CHAPTER THREE

3-22.

Ap = yh; h = Ap/y = 100 x 10%/9,810 = 10.19 m

3-23

P 50 % (3/5) x10 2 x20x 107 -10x10 % x20 %10 - 50x 10" ? x 10 x 10’

B
Py = -1,000 Pd = -1.00 kFa

3-24.

n/4) . x &= (w/4) D

tube % (Bh), 1

cistern istern -

tAh) = (1/10)? x 50 = 0.5 cm

cistern

Poistarn = (£ sin 10" + Ah)pg

= (30sip 10° + 0.5) % 10 2 x 800 x 9.8l = 721 Pa

3-25.

ah = (1/210)* x 2 = 0.02 ft

P = {2sin 10° + 0.02)50 = 1B8.36 psf

cistern

3-26.

Ah = (0.5/10)% % 20 = 0.05 cm

cistern

Posstern (20sina+ ARDY .4

600 = (20 x 10 Zsina+ 0.5 x 10 %) x 0.85 x 9,810 »

sina= 0.357; o' = 20.9°

3-27.

=}

A #2.4(3 x°1 - 1 + 2) = 249.6 psf = 1.733 psi

L]

pA 9,810 % (3 x 0.305 - 0.305 + 2 x 0.305)

11,968 Pa = 11 .968 kPa

3-28.

o
L]

] 1.64 x B46 - 4.92 x 62.4 = 1,080 psf = 7.50 psi

p, = 0.50 x 1.33 » 10* - 1.50 x 9,810 = 51.8 kPa

3-29.

ye vy, + Y"a = 1/2 ft water,
0+ (1 x 62.4) + (yL % B4B) - [ya % B46) = O

{2y ¥y, =+

-5

1 ft
L+ Vg = -0.0738 f I
. = - = L
(1) + (205 2y, = 0.5 - 0.0738  y, =0.213 £ ;
yg = 1/2 = y, = 0.5 - 0.213 = 0,207 f¢ He

= 0. i) ? =
F oy 287 x 846 = 243 psf
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3-30. (34 - 10) x 1077 x 9,810 = 36 x 1072 x 9,810 % (%p, gr.)

{Sp. gr.) = 0.667

3-31. —

3|

Lean

Y
m

Use a manometer fluid heavier than water. The specific weight

of the manometer fluid is identified as Yo

Then ahmx = Apmax/ [Ym*‘ruzoi‘
If the manometer fluid is carbon-tetrachloride hrm = 15,600),

ah . = 60 x 10%/(15,600 - 9,810) = 10.36 m ---(too large).

If the manometer fluid is mercury hrm = 133,000),
ahmax = 60 x 10’/(133.900 - 9,810) = 0.487 m -—-({0.K.).

Assume the manometer can be read to * 2 mm.
Then % error =% 2/487 =*0.004 =*0.4%
The probable accuracy near 1 kPa is about 99.6%

3~32, ph + (4 + 2) 62.4 x 0.8 + 3 x 62.4 -~ (3 + 2)62.4 x 0.8 = Py

Py = Pp = 237 psf = -1.65 psi

3-33. p, + (3+1)9,810 x 0.8 + 2 x 9,810 - (2 4+ 1) 9,810 x 0.8 = Py

B, = By = =27,470 Pa = -27.47 kPa

3-34. (1 + 3)51 + z x 180 - (z + 3)62.37 = 2 x 144

z = 2.3]1 ft

3-35. (0+3)51 + 2z x 847 ~(2+3)62.3 = 3 x 144

z = 0.594 ft

3-36, (0+1)8,010 + = x 133,000 - {z+1)9,810 = 10,000

z=0.0958 m = 95.8 mm

3-37. p=3x 144 + 5 x 0.75 x 62.4 = 666 Esf = 4.62 psi




CHAPTER THREE

3-38. P, (0.15 + 0.3 x 13.55 - 0.6)9,810 = 35,610 Pa = 35.46 kPa

3-39, By = (0.9 + 0.6 x 13.6 - 1.8 x 0.8 + 1.5)9,810=6%,470 Pa=189.47 kPa

3-40. p, = (90 + 60 x 13.6-180 % 0.8+ 150) x (1/12) %62.4= 4,742 psf=32.93 psi
3-41. By - 1 x .85 x 9,810 + 0.5 %x 0.8B5 x 9,810 = Py &S
FPr = Pg = 3,169 Pa = 4.169 kPa

('pn/‘y + -zal = tpa/T_ + zB} = (4,169/0.8% » 9,810) - 1 = -0.50 m

3-42. By T (40/12) % 0.85 x €2.4 + (65-3 % 12) x 0.35 x 62.4/12 = By,
pn - Py = 48,62 psf

(B, /Y + 2,) = (Bg/Y + 2,) = (48.€2/7.85 x 62.4) +10-13 = 22,08 fr

1-43. py = 101.3 KkPa
. _ g/nR
. . TO alz zo-)]_
O bl
B TD 8.8 *
- = -
- yo1.3[{273418) -6.5 x 10 114,000 - g3} 5-5 %10 X276y 5o hpa
- (273 + 15) akn —&
= 61.59 kPa
. §.25%
pc = 101.3 [(288-6&.5%x10 (2,000 -01)/288) 79.46 kPa
Zkn

101.3 +9.B10x 100 = 1,082.3 kPa

—199.4 kPa

3~44. For standard atmosphere T = 28B. K = 15°C

sea level
pt'}:ult"l‘ﬁ*a(z—zm,‘})"t‘nlq”ag=i0!.3{(28*‘1-6.5 ¢z—zan/zaajg"ﬂ'“
where g/oR = 9.81/(6,5x 287) = 5.26

Then pi‘5u3=1’31.3[1283—6.511.51}/288]5‘“7=B4.5 kPa

And ps'o_w=101.3[[299-e,sta.on/zas]"" =70.1 kPa

From Table A-5, T = 95°C (interpolated);

boiling, 1,500m
on

O
N

rhoil ing, 3,000m

10
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= s T =i g/aRr

3-45. p FOHT{} qlz zo.!)/'l‘ol

! ) ~3
= 10L1((273+25) - 6.5(6-0)) /(273 + bey1 9783/ (€5 X 10 "x 207)
= 4B.13 'LE'a_
) g/aR
46, = T =0 (z=
3-4 e pol (Tn (2 3°))/Tnl .
. = 14.71(520 - 3.566 x 10~ (20, 000-0) ) /520) 7+ 2/3-2e8 x 18 "x 1, M8
= 6,76 psla
-3 .
i p, = 101((288-6.5x 10 3(6:095-01) /28 2 SIS B R 10 TR0
]pB = 46.4 kPa abs.

3-47 Asstime b¥o = constant where b = breath rate, %¥ = velume per breath,
and {3 = mass density of air. Assume point 1 is sea level and
point 2 is 15,000 ft elevation.

Then b}vlrl = hza‘,“nz
by = by (8 /) (070,
. Assuming “1 = #2' then b:, = bltl.‘l.t‘DZ) but 0 = (p/RT)
b. = o) TS
Thus. B, hl t}?l. PZ‘J sz/TI)
- a/aR _ e 2 G/ OR
3 Py plt'I'.z/'I‘:l} 8 plfpz (Tz;’rll
. =-g/0K
Then by = b, (T,/T))
when bl = 16 breaths per minute and 'rl = 59¢F = L197R
T, = T, - Glz,~z,) = 518 - 3.566 x 107 Y (15,000-0) = 465.5°%
. -3 _ :
b, = 16(465.5/519) 1=32.2/3. 560 X 10 "X L1748 _ 95 prearhs per minute
. . B q/aR
3-48. p pOI(TO aiz zo-nx-rﬂl .
75 = 05 [(283-6.5(2-1)) /2831 7+ # 1/ {58 X 10 "X 287)
2z = 2.91 km
= T, = c:(z-znl =10=6.5(2.91-1) ==-2.41°C
3-48. po= b, l1n, ~atz-zg)) a1

10=13.6] ([70+460) - 3.566 x 10  * (z=2,000) )/ (70+460) ]

7z=10,430 ft
L EALT LA S

=3
32.2/3. 46 X 10 X },715

11
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3-50. T = T -alz-z;) =519 - 3.566 10 % (5,280 - 0) = 500°R

288 - 6.5 x 10 ° (1,609 - 0) = 278°K

P =p, tT/Tong"““= 14.7(500/519(5"2%! =12.1 psia
P, - 101.3(278/288) 3817/ (8:5 X 10 " X 2070 53 4 yp,
= p/RT = (12.1 x144)/(1,715x 500) =0.00203 SIQSthg
p = 83,400/(287 x 278) = 1.05 kg/m’
- 3'x4' gate
3-51. F=pA=1.5x62.4x3x4=1,123 1bf —_—

x = 3-ycp=3—?—?/?a
=3-1.5-(4x3%)/(12x1.5%12) =1 ft
M=Fx=1,123x1=1,123 ft-1bf AT

3-52, F = pA = (1.519,810 x (3x4) = 1.77 x 10°N
x=1/3(3) =1 m

M=1.77 £y

3-53. F=pA=10%9,8l0x4x4=1,569.600N =32.8%62.4x13.1x13.1=351,238 1bf
Yop ¥ =T/¥A= (4x47/12)/(10x 4% 4) =0.133m

=(13.1x13.1%/12) /(32.8 x 13.1 x 13.1) = 0.436 ft

Fyock = 17569,600x0.133/2 = 104,378

=351,238x0.436/6.55=23,380 1bf

3-54. F =pA =4 x 150 x (8x1) = 4,800 1bf
Yep =¥ + I/YA =4+ (1x8°)/(12x4x8) = 5.33 £t

Frgg = 2 X F XY /h =2 x 4,800 x 5.33/8 = 6,400 1bt

3-55. F = pA = (3+5)9,810 x 10 x 10 = 7,848,000 N
= (9.84 + 16.4)62.4(32.8 x 32.8) = 1,761,554 1bf
You = y+ I/yhn=8+ 10 % 10°/(12 x 8 x 10 x 10) = 9.04m
= 26.24 + (32.8%32.8") /(12 % 26.24 x 32.8% 32.8) = 29.65 ft

Fringe = F(@- ¥ /h = 7,848,000(13-9.04)/10 = 3,108,000N = 3,108 kN

=1,761,554(42.65 - 29.65) /32.8 = §98.000 1bf

12
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3-56.

F= (6 + 55in30°)9,810 x 10 x 4 = 3,335,400 N

_ 3
ycp-? =T/yA =4 x 10 /12 x (6/sin 30° + 5) x 10 x 4 = 0.49m

I-"h = 3,335,400 x (5 + 0.49)/ (10 cos 30°) = 2.114 MN

3-57.

F=(7+2.5)62,4 x 10 x 6 = 35,568 1bf

ycp—? = (6 x 10%) /(12 x 19 x 10 x 6) = 0.438 ft

Fh = (35,568 x 5.438)/(10 cos 30°) = 22,334 1bf

F=pA= (0.4 +0.4)9,810 x 0.9 x 0.8 x 1.2 = 6,781 N

ycp-? =T/yA = 1.2 x 0.8%/(12 x 0.8 x 0.8 x 1.2) = 0.067m

M=6,781 x (0.4 - 0.067) = 2,260 Nem

3-58.

F=pA=(5+ 2.5)9,810 x 4 x 5/sin 60° = 1,700 kN

ycp-§ = 4 x (5/sin 60°F¥/(12 x (7.5/sin 60°) {4 x 5/sin 60°)) = 0.321

T =0.321m x 1,700 kN = 545 kN-p

3-60.

n

F=pA= (12 + 6)62.4 x 5 x 12/8in 60° = 77,820 Ibf

Youi -y = I/yA = 5 x (12/sin 60°) /(12 x {1B/sin 60°) (5 x 12/sin &0°))
= 0.770 ft

T = 6.770 x 77,820 = 59,906 ft-1bf

3-61.

F=pA= (2+2.5)9,810 x 5/2 x 2 = 624,304 N

Yep™¥ = /YA = (2 x 7.071°)/(12X€.36 x2 X 7.071) = 0.655 m

F = 624,304 x (5V/2/2 + 0.655)/5/2 = 369,982 N

3-62.

F ={10 + 5)62.4 x 102 x 5 = 66,185 1bf

ycp—? = (5 x 14.14%)/(12 x 15V2 % 5 x 14.14) = 0.785 ft

F = 66,165 x (10V/2/2 + 0.785)/10V2 = 36,766 1bf

3-63.

23 =0.5508-0.58= g.05%
Yep~¥ =0.558-0.52= 0.0

0.05 = T/yA = L x 27012 x (h + £/2)2%)
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3-64. F=pA=1x9,B10x 2x1=19,620N

ycp-? =T/yA=(1x2%/(12x1x%x2x1) =0.33m

Weight W = 19,620 x (1 - 0.33)/2.5 = 5,258 N

Volume ¥ = 5,258/(23,600 - 9,810) = ¢.381 m’

3-65. F = 2.5 x 62.4 x 2 x 5 = 1,560 1bf
ycp—? = (2 x 5%) /(12 x 2.5 x 2 x 5) = 0.833 ft

W= 1,560(2.5 - 0.833)/6.25 = 416 1bf

% = 416/(150 - 62.4) = 4.74 £’

3-66. F =pA = (1 + 1.5)9,810 x 1 x 3/2 = 104,050
ycp—ir' =T/ya =1 x (3/2)3/(12 x (2.5 x J/2)(1 x 3/7)) =0.424m

Overturning mcment Ml = 90,000 % 1.5 = 135,000 N-m

Restoring moment M 104,050 x (3/2/2 - 0.424) = 176,606 NemsM

2

5o the gate will stay.

1

3-67. F = (4 + 3.535)62.4 x (3 x 7.07/2) = 14,103 1bf

Yop~¥ = 3% (7.07/2)%/(12 x 7.535/2 x 3 x 7.07/2) = 0.782 ft

Overturning moment M, = 18,000 x 7.07/2 = 63,630 N*'m

1

Restoring moment M, = 14,103(7.07/2/2-0.782) = 59,476 Nem<My

So the gate will fall.

3-68. F=pAa = (1 + 6)9,B10 x 0.5 x 4 x 9 = 1.236 M

Vs =¥ =T/yh= (4 x 9%)/(36 x 7 x 0.5 x 4 x 9) = 0.643 m

P=1,236,060 x (3-0.643)/9 = 323.7 kN

3-69: dF = pAA = y (1 + kd/d )dd (@)W

d

2 dj'l
Fe=yM | 40 +Xd/a)d d —"
dF n 92
d
‘ 4
- y | L
F vo“[l/!ll-l +2ﬁlu) + -:k/Jdo) (HY + 3;11‘:12;{)]
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FLUID STATICS

3-69 (continued)

- 2 _ 42 : K- |
or P-= "I’owllf'ztdz ay) + (k/3d.) @ al

= | s z 3
When dl 0 F TOWW /2 + kH /3d01

Since the specific weight increases with the increase in depth, the

location of the center of pressure will be located below that for
constant density liguid.

3-70. Eguivalent depth of liguid for 2 psi = (2 x 144)/(0.8 x 62.4) = 5,77 ft
F=pA=(5.77 4+ 2 + 5)(62.4 x 0.08) (5 x 10) = 31,874 psf
ycp-? =TI/4A = (5 x 10°)/(12 x 12.77 x 5 x 10) = 0.652 ft

P = 31,874 x (5 + 0.652)/10 = 18,015 1bf

3-71. Equivalent depth of liquid for 30 kPa = 30,000/(0.8 x 9,810) = 3.82m

F=(3.82 +1+ 1.5)(0.8 x 9,810)(3 x 1) = 148,728 N

ycp -y = I/¥A

P = 148,798(1.5 + '0.1187)/3 = BD,285 N

1 x 3)/(12 x 6,32 x 3 2 1) =0.1187m

3-72. The gate will be on the verge of opening
when the line of dction of the resultant
hydrostatic force, F}!yd » passes through
the hinge point. Also, this FHyd. will KH
be located 2/% down the gate surface.

Therefore, this problem can be solved /4\ ;r
largely by trigonometry: ‘A \\3@4,_\ f |H
(2/3)% = KH cos @ (1) \ =

and f cos A= KH (¥3] f“».__ ./ i
Sclving Eqs. (1) and (2) for 8 yields 8 = 35.26° = ,:',-"f
Alsc, tan 8= H/(KH) = 1/K '
or X = cot B= cot(35.26°%) =_42

3-73. F = pA= (h+2h/3) Y(Wh/sin 60°)/2=5¥Wh/3/3
ycp-‘s-’=‘f/'?.\=w(h/sin 60°) /136 % (5h/(3 sin 60°)) x (Wh/2 sin 60°))
=h@5/3) ; IM=o0

RTh/Sin B0® = F[(H/(3 sin 6O®)) — (H/15/3)]

Ry/F = 310
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