2,5

2.5 An unknown immiscible ligrid seeps into the bottom of an
open oil tank. Some measurements indicate that the depth of
the unknown liquid is 1.5 m and the depth of the oil '(specific
weight = 8.5 kN/m®) floating on top is 5.0 m. A pressure gage
connected to the bottom: of the tank reads 65 kPa. What is the
specific gravity of the unknown liquid?

ﬁalﬁo oz (&il)(5'nn)-r(xu)((-5'ﬁn) Wwheve Yy * unknn "““‘;"X
Y, = Pt = {51 )(5m) - Lgxlbzg"’;(&S‘xlb}"’;)(rm)

I-S'Nn
= |5 X’ N
m?3

N 4
56 = 1L . IEAB MY |53
Yugo @ ¥'C q,wxlo’/_;’., T




2.9  Bathyscaphes are capabls of submerging o great depths
in the ocean. What is’the pressure at a depth of 5 km, assum-
ing that seawater has a constant specific weight of 10.1 kN/m>?
Express your answer in pascels and psi. >

p=td+4
At The surfawce f =0 s0 Thel
A= (/0./1/03,,‘3"’, W5 x10%m) =30.5 x/o‘;-':: = 50.5 M~A
Also,
b

f: (5"0.5 x/a‘ﬁ)//.quxm-vﬁ:) - 7320 ps;
4 SEE e
o

2:~7




2.27

2.27 Bourdon gages (see Video V2, 4and Fig. 213) are
commonly used to measure pressure. When such a gage is
attached to the closed water tank of Fig. P2.2.7 the gage reads
5 psi. What is the absolute air pressure in the tank? Assume
standard atmospheric pressure of 14.7 psi.

7O=2’/)+g

@}e— g’zz k)%p = g/l"

Lo (5 + w7

/b
(1 -Ft)(‘z:‘/;'t.;
/o4 In?

&

ﬁ”‘, = /9.3 zu’z

® FIGURE P2.;
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2.3

2131 A water-filled U-tube manometer is used to measure the:pressure
inside a tank that contains air. The water level in the U-tube on the side
that connects to the tank is § ft above the base of the tank. The water
level in the other side of the U-tnbe (which is open to the atmosphere)
is 2 ft above the base. Determine the pressure within the fank.

Puir +8, (5 =&, (1) =0

ﬂ.,r -3t --(3ff)(6z.q#-,)
=—/e71’?p

air

2-28
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2.32 A barometric pressurc of 29.4 in. Hg
corresponds to what value of atmospheric pres-
sure in psia, and in pascals?

(In ps..') P = X/{ = /?’f7 ;'f-a )/‘77‘1"& ,é%;’_ ) = 4 :,,;4_

(In P) p= Xh = (/33;(/03’%){.11.#/}».)/.?.5#9.\:/;;:1.'.): 7¢ 3,4&(.4')

2-29-
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2.39 A closed cylindrical tank filled with water has a hem-
ispherical dome and is connected to an inverted piping system
as shown in Fig. P2.39. The liquid in the top part of the piping
system has a specific gravity of 0.8, and the remaining parts of
the system are filled with water. If the pressure gage reading at
A is 60 kPa, determine: (a) the pressure in pipe B, and (b) the
pressure head, in millimeters of mercury, at the top of the dome
(point C).

B FIGURE P2.39

(a) -%fd i CSG)(%‘,)[.?M) & ();w (2w = 4,

B = Go4R + (ae)(z‘m/a’g,)(sm)+(moxma;"-m’,)(zm)

= /03 LR

®) st 5, ()
bo4P, - (7.80 x:os;,'{, )[h«)

3N
$0.L x10 S

) *. 30.L XD
[4 = %

i 3 ______-”:L = 0,230m
3’,‘3

I N
133x 10> 2

I= 6.230 m (/030"4") s 230mm
M )
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290 Two pipes are connected by & manometer as sh i
X own in Fij
P240, Determine the pressure difference, p; ~ pj, between the pipei

- 13m

Gage fluld
{SG = 2.6} Water

4 )+
BFIGQGURE P2.40

'PA + %0 (O,fm. '0-0.‘0) - );f [0.&0..) + 3/'/,0 {/.3..-0.5‘~)= lﬁB
Thus,

Bty - 3}* (6.6m) - b/'*:o (0.5m +0.6am + 1.3m ~0.5m)

(2.6)09.81 2% )o.6m) - (5,802 Y1.9.m)

1}

i

-~ 332 AR
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2.32  For the inclined-tube manometer of Fig. P2.43 the

pressure in pipe A is 0.6 psi. The fluid in both pipes A and B

is water, and the gage fluid in the menometer has a specific

gravity of 2.6. What is the pressure in pipe B corresponding to

the di<ferential reading shown? Ti_
= 3in.

it L

FIGURE P2.43

3 .
Y7, *%0(75&)”3}{6{&):/»30‘— Af,w (7 #) = fa
(where b’} £ /s The  Specific weishl of The gage Fluid )

Thus, :
% = 'a - b';,c (7%,&) Sin 30°
e o
= (0.6 ;’f_ ,){ /w%_) - @)z ﬁ,)(,—f #)(0.5) =313 B>
e 3238/ yy o s = 0.224 Pse
2.9y

2.4 A flowrate measuring device is installed
in a horizontal pipe through which water is low-
ing. A U-tube manometer is connected to the
pipe through pressure taps located 3 in. on either
side of the device. The gage fluid in the manom-
cter has a specific weight of 112 Ib/ft*. Determine
the differential reading of the manometer corre-
sponding to a pressure drop between the taps of
0.5 1b/in.2.

Let p and p be pressures ot pressure aps.
Write rmanometer £fustion bebween f and p, Thus,

Pt b’o(-k,i—-’;) —B‘”‘K -k“‘a-ﬂ, =4

Hy
So That S
g. 2ot (esh)(mE)
8 - Vuzo 112 ;—5, - b2.% -'r-‘kes
= 45 ft
2-4#0
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2,53

2.53  The inverted U-tube manometer of Fig.
P2.53 contains oil (SG = 0.9) and water as
shown. The pressure differential between pipes
A and B, p, — pg, is —5 kPa. Determine the
differential reading, A.

BFIGURE P2.52
b, - 3;’0 (a;m).ra;;/(l)l-t a;/,,o(o'a"") =4,
Thus

/

Spic (‘Pa-'f’n) + Gyo (0.2m) = By, (03m)
2 Yoil
5‘xm’£{, - (9.50x1 ’n-;"-’,)/o. bom)
7.95 210> X,

= O, 449 m

2-50




2.56

2.56 Determine the pressure of the water in pipe A shown in Fig.
P2.54 if the gage pressure of the air in the tank is 2 psi. |

f "rv/h: -(0.98)h, +&yhs = fair BFIGURE P2.55

or
fﬁ =ﬂ4il‘ +d‘w(hl f0,9/),_-;/,3) :

= 25 (LH) 624 5 - 009 (i)~ 1)

=$75Ibz




2.50

2)58 In Fig. P2.Sgpipe A contains gasoline
(SG = 0.7). pipe B contains oil (SG = 0.9), and
the manometer fluid is mercury. Determine the
new differential reading if the pressure in pipe A
is decreased 25 kPa, and the pressure in pipe B
remains constant. The initial differential reading
is 0.30 m as shown.

FIGURE P2.58
Ror the mihal c‘am/r‘ynrm‘.mn G .
Bo * Spus (0.3m) - by (0.3m) = %;, (0.4m) =4, o

With a decreme mn £ to 8: Gage Fluid levels change 4s
Shown on figure. Thus, for' final Confiyaratidn

q
ﬁ-f%/oﬁ-a)—b',?(lh) —-Jo;/(o.ﬁ—-ra) =6 €2y
wWhere all lengths are 1n . Subfract Egl2) from Eg i) +
obtain,
4
B-p, + a;ulu ‘% (0.3 -4h) + &;/(a) =0 >
Stnce Ae +4h =063 ( see fliure) Then
= &.3-4h
a N

ana from £4.3)

By« U (2520) - Dy fo3-h) + iy (2524) =
Thus, 4
44 - Bty + 345 (0.05) —a'l,,l/o.s) + &) (0.15)
-—3’,,}-r !L;f + 9%:"1 |
and with By -f =254 P T
1 - 2525+ lo720n.51 BK )osem) ~(133 24 Yoz)+ (0G8L) “"‘i

—s33 24, (%]Jéx; AN (3;_){9.:/%",

= 0,/60 m
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2.5

2.59 The mercury manometer of Fig. P3.59
indicates a differential reading of 0.30 m when
the pressure in pipe A is 30 mm Hg vacuum.
Determine the pressure in pipe B.

FIGURE P2.5¢
Pt (6,15 m + 0. 30m) - 3;‘3 (o3m) -, (o.15m) =4,

where -a = - (0.030m)

“
o y -);,a (0.030m )~ &;, (0.46m) +a;,; (6.3m) "‘%a(“""')

= =033 3 )00 - (29582 v + (1932 Yanay 4

(730 2 You5)

= 334 4R
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2.62 Determine the new differential reading
along the inclined leg of the mercury manometer
of Fig. P2.62, if the pressure in pipe A is de-
creased 10 kPa and the pressure in pipe B remains
unchanged. The fluid in A has a specific gravity -
of 0.9 and the fluid in B'is water.

FIGURE P2.62

For the initie! tonfiguration :
ﬂ + a;fo.l) + d‘,‘; (6.05 sin 30-") = bjﬁa [0.08) = ‘ﬁb ()

wheve «ll [tngThs ave in mm, Lhen 4 decreases left column
Moyes wup & d:slnnte)a.J and m';/u‘ eolumn Moves down
a distance o, as showh in fiqure. For The frhal eonfiguration ;

f;,lf b; [e.l -a-513’30') + 'bjl_’ (a. 5m30° + 0,05 sin 3a’+4)-
= (2
');h.o (0'08*4) i 768 4

(AP 5
bohere ﬁ 1s The new préssure in Pipe ‘A.
Subtract Ex,“-) from E‘x./“ to obPin

a "ﬁ; + );‘ (a Sin 30°) - b;” a (Sl;t 30’1-!) + );ha(Q.) =0
Thus :
: - (t-#)

Yp Sin30° - y#} (sin3ori)+ ¥, ,
For fh‘fh" 10 4P

o A
a = m
Fy
(0000531 25) (06 - 133 24 Yosr) + 9.00 %2,
New diffevential reading, Ah, measuved along inchned tule is
ezua‘ +to a
Ah= ;‘Tn—zo,+o.05+ a
T w-r 0.05m+ 0.05%0m = 0,2/2 m
=

2-59
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2.73 A piston having a cross-sectional area of L 4
0.07 m? is located in a cylinder containing water '
as shown in Fig. P2.73. An open U-tube manom-
eter is connected to the cylinder 2s shown. For
h, = 60 mm and A = 100 mm, what is the value
of the applied force, P, acting on the piston? The
weight of the piston is negligible.

: = Mercul
FIGURE P2.78

For exxi//lr/bm J P-= ,g Af, Where f} is The pressure acting
on P/';{'aﬂ Gnd ,4’ 15 he area of tre piston. /4/50,

JE Ak =
-ﬁ* + %o 1 bza "’q ()
or
Be g4 - Gt
= (133 ;‘-;—",’)(o.laom) ~(7.5'0,f,-‘,')/a.awm)
= /2,7 ﬁ!_
/ma
Thu
’/ P =(127 ID’.”%’, )(0.01 m*) = £89 N
2~




2.87 |

2.87 A homogeneous, 4-ft-wide, 8-ft-long rectangular gate  [§
weighing 800 Ib is held in place by a horizontal flexible cable
as shown in Fig. P2.87, Water acts against the gate which is
hinged at point A. Friction in the hinge is negligible. Determine .
the tension in the cable.

F=¥hA  whn b (E8)sn b0

Thus,
- < (lay b, ) it e 0

= 3890 b
7 /aale FR)
Yo = Lee o 4 w here Y, =3+

LA
so b’ paiin

v (3 ££) (L2 4R)
For efa}/l’ériﬂm ;
Z-My =0
T (38)5imbs?) = W (65)(tostr?) + £ (2 4)

T Goo o) (442 ) os 60*) + G390 Ib) (2 2)
ki (8 #) (s bo°)

+ 3FL = 46 £

and

= /350 /b
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2.89 A rectangular gate 6 fi tall and 5 ft wide in the side of
anopenmnkisheldinplacebyﬂwforceFasindieatedinFigz
P2.88,The weight of the gate is negligible, and the hinge-at O
is frictionless. (a) Determine the water depth, A, if the resultant
hydrostatic force of the water acts 2.5 fi above the bottom of
the gate, i.e., it is collinear with the applied force F, (b) For the
depth of part (a), determine the magnitude of the resultant hy-
drostatic force. (c) Determine the force that the hinge puts on
the gate under the above conditions.

Lee

e e
' L GH)GR)

- ~(h-3oft) = 12
) (n=- 35t) (LfEnsH)
g FL"

USRY. =T

h= 9.00 £%

————

(b) FE’- P ] ll(.A here hc: h-3F = b#
=(zul,) (L H)(Fensit)

= //,200 Ib

ey For e;a}/;'l:m}m,
> M,=0

So That
F (2541)= Fr (5 £)
P=—Fp_
2 FR=0
0,( 'f‘F- Fg_:o
Og:o
O:_ (o}
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| 2.95°

295 A gate having the cross section shown
in Fig. P2.95 closes an opening S ft wide and 4 ft
hioh in a water reservois. The gate weighs 500 Ib
and its center of gravity is 1 ft to the left of AC
and 2 ft above BC. Determine the horizontal re-
action that is developed on the gate at C.

Folde A,  where d\ = 82208
Thus,
Fi<leay ,)iott)(s bt u5te)
= IS, 600 Ib
o locate F/,
gl:' 'E‘; s y“

A
feifi gL

where Ye, © T +25H 12,55
?

So That
y - £ fs.ct)(fft)’ + I Ft 1207 FE
1

(12,5 A )sFEx SFt)

Als
’)[.:: tAz Where ﬁ? a;,_m (9Ft-r#ft)

et
i £ Y, (rrR)A) - @24 2 Yizt2)(s fexsft) = 11,230 b

F;;- ezu; /I 'br/bm 2

ZM,=o
and {%_{'_#), W (1#) - F(5)(3#) - F (4£2)
¥
i (15,600 16)(12.61 R~ 1o#2) + (500 ) (£t) -m,zaol4)f-ift) b
F = = b3%
¢ * £ s
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viaster Tyging Sheet

1 Reduetio

| 289  Anopen tank has a vertical partition and on ons side
| contains gasoline with a density p = 700 kg/m® at a depth of
i 4m,ushowninFig.P2.?9.Amngulargatethaxls4mhigh
| and 2 m wide and hinged at one end is located in the partition.
|- Water is slowly added to the empty side of the tank. At what
. depth, h, will the gate start to open?

BFIGQURE P2.99

e S Js A
w|he|re 9 he#ers +o 3¢ul:ne
@’ob)(qgl I)FZM‘)(‘,'MX ZM)

Ito RN

: Ho-x v N _=._-'
; whch*w ¥e fe?s -I:B‘m::hr
JF,; (3.30)”0 )(_-ilfzmxh)

SmseRe: her& s dep’fhloﬁ waker. | t
| - (‘I%D XJD 1%2 _~_—_- : b2 i | | _:
L page =
sl =aids £ '_18 4_._..'_,;;11' ,Qw. = and 23 .% ﬂ'ﬂl
e T I (no;arﬁlﬂi)(-‘t et
L lam | ps3Es |
o whiek 15 e imihing value b b
2-98
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2.10)  The rigid gate, OAB, of Fig. P2,/0! is hinged a1 O and
rests against a rigid support at B. What minimum horizontal
force, P, is required to hold the gate closed if its width is 3 m?
Neglect the weight of the gate and friction in the hinge. The
back of the gate is exposed to the atmosphere.

F; > Yb‘:’AI Where A‘I s Sam
Tk
®E = (8m L, Y om )m x3m)
= S5 P8XIO5N
Bx Fhuh hre he T

So That
€ = (ffmf;/: )(7m}(z:m x 3m)

= Yz x 05K

7; /Mde Fl) / 3
72, ancailye i '% -~ 72 (s )(w"} -+ S = 5 207m
5,_-1 A £ (5m) (Fa ¥3mm)

The -:G_r:e FE acts of The Center of The AB section . Thus,
ZH, =0

and
F (62%0m=-3m) + E () = P (%m)
solelher Ks:yyx/oszv)/z. 267 ) + f%lz XMSA/)(I,».)
L= ¥ mm
= 434 AN

2-/00
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f\ <

D —
AN NN

2.702 A rectangular gate that is 2 m wide is T T
located in the vertical wall of a tank containing
water as shown in Fig. P2.102,]1 is desired to have Y Y
the gate open automatically when the depth of

water above the top of the gate reaches 10 m. (a) _]L

At what distance, d, should the frictionless hor- ]

izontal shaft be located? (b) What is the magni- “° F :
tude of the force on the gate when it opens? I &

o]

FIGURE P2.}02

(4) Rs depth increoses the cester of pressure rnoves foward The centreid
of the jaéc. If we lecate h;h,c at Ye When depth =lom+d
The gate will open automaticelly for any further increase in depth.

Since, L 7‘5 2 )(4’")3
7R = -+ " = —_— b o I;W = Iﬂ.lhm
’gA (Iﬁm){.?mxllm)
+hen

d-= yﬂ-— 1Om = RMam - 10m = 2.1 om
) Fer The depth shown,
f;= )"&;A’ 8 {iialéx)ﬁZM)(:ax ‘#m) = ¢4) 4N

2-jo



2.6 |

2,116  AY-m-long curved gate is located in the
side of a reservoir contairiing water as shown in " -
Fig. P2)1b. Determine the magnitude of the hor-
izontal and vertical components of the force of
the water on the gate. Will this force pass through
point A? Explain.

F‘;r eau;l:.brl‘um, A z
ZFR=o
or .
i f= F = Y#cz Al = Y(‘#mflu){!uﬂu) ? ‘7{
3o Tt 4
B, = {9.»% Ysm)(3m*) = 395 4
—_— volume ~
Slmnhvllg, “’;:= TT_(;.M):‘*M
Z%:o =4m m?
F= F+y Where

F = [X (“M)]ﬁm fm) = {7-8’011_‘,": )[lfn)[zu‘)
= Y= (9.00 24 ) lin )

Th
“5) FV = [?,80 f—”";)[.?ZIMJ rY7 rm’] = ‘/32 AN

Mote! Force of waber on Jate will be oppesife 1n direction -la)
That shewn ©n froure.

The directon of all difhevenhril forces acting on The
Curved surface is perpendicular 4y surface jand THevefore ,
The vesultan? must pass Mrough e vidersecivay of all These

forces Which 1s at /:m;:f A Zes.

2-lé
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2.7  The 18-ft-long gate of Fig. P2.UTs a
quarter circle and is hinged at H. Determine the
horizontal force, P, required to hold the gate in 3
place. Neglect friction at the hinge and the weight

of the gate.
e .
Fv
FRr e’gu;/oim'lm (from free-body - diagram > l
of F£lud mass), 1A 1 W g ¥
ZE = N S
So 7hed E H
v (-] L
E=F= Y4, A
= ﬂuﬁ,){‘{‘){&ﬁurﬁ) = 36 200 Ib
Similarly,
ZFy=o
So That
Fr=W = 4 x (volume of Fluid) = (2.4 z-li, )[-',’f(‘&t): I?-Ft]:?l,tml[
AL”’ X, = 4(ett) S F (see 5’ .‘Mte)
ar o
and

‘- bfE -
yl' Vg ek 2 £

For Cllll./l.‘fl;lln (from free-body-didgrm of gate)
M=o
Se That
Plert) = F (g,)+ R (x)

(26,200 b)(2££) + (31,200 )( 3 £¢)
= ¢+t

oFr

= 20,200 Ib
3

2-17



2.1

2,119 A tank wall has the shape shown in Fig.
P2.)19 Determine the horizontal and vertical
components of the force of the water on ay -ft wall
length of the curved section AB.

QRTINS

N

A
&//////////, LA LS IS LA S LA TSI,

B
FIGURE P2.119

F= ¥ he, A

=(c 2.4}5, )(Iﬁfé.)(‘ftx‘i-ﬁt) F P volume = ¥

s 22,8500 | l Mi o :
= Y‘gc:.Al ? F l

2 : ¢
=(62.¢ w V(18 #2)(6fend £2) F

= 27,000 |},

W= Y¥ = (éZ.‘f_ﬁLt, )(_;_)(,r)(‘pt)‘(q;t)
= 7060 [b

For eguilibrium ,
ZFR=o

So That

. F;’:f-; = 2250 /8 <— on fank

and
F,= B-W = 27000 [t ~ Totol, = /99001L §iaii bk

2-119




2.1%5 |

Z.1%5 When a hydrometer (see Fig P2J4sand Video V2.8) hav-
ing a stem diameter of 0.30 in, is placed in water, the stem pro-
trudes 3.15 in. above the water surface. If the water is replaced
with a liquid having a specific gravity of 1.10, how much of the
stem would protrude above the liquid surface? The hydrometer
weighs 0.042 Ib.

BFIGURE P2.145

When 'ﬁm.hydromefcr 15 F/oa.f;ﬁ,
it we:ght 70‘ 13 }Mhhtw by el
“he ﬁuayené fnrce Fa ;.7,,.. L
Eguil rorum ; g

ZF -:?

LA A

=
o

Verfreal T
771115 ﬁr wattr : i
SR
G L =
w/m,c + 15 The ;uamerged Vo/ame With the new
¢
J 5(1:4 (:F )(3”“’_0 (Z)

('omb/nmg Egs. ) mm'(v with W eonstunt
@"J“"zo)_yL (3’6)( Hzo>-¢?'

-V,_::il : ' . c3)

54

and

(Con'f:)
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From Eg9 G)
| _g"g = ool et
3,.._._..;._’ -3’;&0- éz 5‘%’

5 mf tom £3.0)
e T e e

dilo- |-

7
h4s), 'V""i"a fa73 szg:m’-ﬁ‘ta O.6I A0 "2

75 oblwm This di Fferm:e te change 17 lensth AL, 14

(0,30 ) B = (ot w2125 127 )

AL =149 ip.

“’Zo‘m the new }Lﬁuod _:?n{ :{'em,_wbldd Prétrude

315 in. + 149 [n. = 444in. abwe The Surface




2.147 |

2.187 (See Fluids in the News article titled “Concrete canoe,”’
Section 2.11.1.) How much extra water does a 147-1b concrete ca-
noe displace compared to an ultralightweight 38-1b Kevlar canoe of
the same size carrying the same load?

=% ani\fbn'unm,
D FVcr-h':-l 22
aan 90 = Fg = }‘“zo‘b" and ¥ s displacest velume,

For Concrele Canoe, /} Vw 4

w7 w=(ez.k é—:,) V- o i
¥ = 2.30 £ ° 3 —T?B :

By Kevlar cance,
33lb=(b2 ¥ ) Vi

Y5 = 0. b0 £¢
Extra waker dtsplaccme-\‘t

23030 toq 8t
1,75 £t°

2-/50



