b

2.2 A closed, 5-m-tall tank is filled with water to a depth of 4 m, '(o)
The top portion of the tank is filled with air which, as indicated by
a pressure gage at the top of the tank, is at a pressure of 20 kPa. )

Determine the pressure that the water exerts on the bottom of the tank.

ﬂ = Z-OX/U:% =ﬂ L W

3__[\// 3N
iy t&'h = z2o0xi0 p? F9.80%10 5 (4m)

592 Xloj-ga = 57,2 kPa




2.3 A closed tank is partially filled with glycerin. If the air
pressure in the tank is 6 Ib/in.2 and the depth of glycerin is 10
ft, what is the pressure in 1b/ft* at the bottom of the tank?

p=yh+ P = (784 ﬁa to Ft)+/é£‘)//q:tf'z)

/b
= o —
/651 .

2.4

2.4 Blood pressure is usually given as a ratio of the
maximum pressure (systolic pressure) to the minimum
pressure (diastolic pressure). As shown in Yideo ¥2.2 such
pressures arc commonly measured with a mercury mano-
meter. A typical value for this ratio for a human would be
120/70, where the pressures are in mm Hg. (a) What would
these pressures be in pascals? (b) If your car tire was
inflated to 120 mm Hg, would it be sufficient for normal
driving?

p=0h
(@) Fop )20 mmum ,Uj rop= (/aexm’;nf% )(0, 120m)= 16.0£ R

For 70 mm Hg i Pp= (133 x10° 2 )(0.070m)= 13[4k

m

_ ) 3N ~¥ lb/in*
(b) For /ZO/m,mH}. pe //é.DXID”;-Z)[[‘%DX/D /V/,m!-)
| s 2,82 -psi

Since a typical Fire pressare is F0-35 PS¢, |Z0mmty
Js ot sufficient  Sfor nermal  driins.




2.5 ’

2.5 An unknown immiscible liquid 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?

%

) (5m) + ()5 Shere Y w1
enom

Y, = Rt 1.; E{:;\)(EM] - LgxlDBEN,_- (8.5‘x103mﬂ’,->(5'm)

= |5 0 M
('ma

3N
'b/u - I5AB m? — | 53
56 - - -—--—"""_3'—” —_
Tugo @¥°C¢ Q.21 x10° 5

2.6

2.6 Bathyscaphes are capable of submerging to 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 pascals and psi.

p=yi+4
At The surtace  f =0 350 Thet

[
$= (/a./x/oB,,-;""g W5 x103m) =50.5 x 10 ;‘:i = 505 M~

Also,
F= @_&5-’”0:{1)//-4@”{“ e ) = 7320 psc
2
A"ﬂ-




2.7

2.0 For the great depths that may be en-
countered in the ocean the compressibility of sea-
' water may become an important consideration.
(a) Assume that the bulk modulus for seawater
is constant and derive a relationship between
pressure and depth which takes into account the
change in fluid density with depth. (b) Make use

(a)

d _
FE = =¥ ==py
TI’JHS) c.jiz._ dz
-

of part (a) to determine the pressure at a depth
of 6 km assuming seawater has a bulk modulus
of 2.3 X 10° Pa, and a density of 1030 kg/m® at
the surface. Compare this result with that ob-
tained by assuming a constant density of 1030
kg/m?.

(E£g. 2.4

(1)

I‘F i 15 a function of P, we must determme /0=7C(1‘>) be fore

infeqrating Eg.U). Since,

£ df (Eg 113)
7hen ?y dfa//o/o
_ 4f
dp = E, y:
o A
So ﬁ?&'l" _ﬁ,
P: El’ zgﬂ /:
_p
Thus, pef o & where pzp  at p=o
? Pz? a‘f— surpuce
F’mm £g.0) . T I‘ﬁ-.
o 5 L
o b 4
= o T i o=
fo C & / hrrerin
ﬁ !
or ‘_f %o
f E, ‘{P _./:j o2
# #
So That

$ = -—Epfn (/——

A

24

£y

t here J—f: fu-Z',J The
depth below surface

)

(Caﬂ

%)

2-4




2.7 (con'D)

(b) From

That

p=

So

For

cc)

part @),

_ At
=—EP,&1/I gy )
at f =z bAnm

_ (ro3xi” 28 )00 2 )foxto'm)

,?.3)(}09.&1
m

= (—1’-3.«/01'_”%1 ),Qn I:,

—
==

Lt x 1o 2 "
SHBL s ™ Ll P

s

r.on.szl.ani‘ Jc’nsi'}:‘y
b=t = Pa £ = [/ asxioaﬂ%)/ﬁﬂf’;)/éxzbsﬂn)

LO.L KM~

-—




2.8

2.8 Sometimes when riding an elevator or driving up or down a
hilly road a person’s ears “pop” as the pressure difference between
the inside and outside of the ear is equalized. Determine the
pressure difference (in psi) associated with this phenomencn if it
occurs during a 150 ft elevation change,

s = =¥ sh -007é~'> (/Jom

= /1. TT" / ’)“1‘ n*
=0 0797 fm
2.9
2.9 Develop an expression for the pressure

variation in a liquid in which the specific weight
increases with depth, h, as y = Kh + y,, where
K is a constant and y, is the specific weight at the
free surface.

(Eﬁ. 24)

so  That df =-dz
Thus
c/f = Ydh
and r *
fdp = [ rdh
o o

Ghel

L L A v v ¢ e ?

2-6




2. 10

Efuzézbn (1) Can be

L4020 +y.

L=y

W here
700/ nts .

(Con't)

L+

( Ton :C )
¥2.10 ma certain liquid at rest, measurements of the spe- 60 107
cific weight at various depths show the following variation: 70 110
80 112
prestooni g SRR S S s alL
90 114
) v (Ib/ft) 100 115
0 70
ég ;g The depth » = O corresponds to a free surface at atmo-
20 0] 5 spheric pressure. Determine, through numerical integration
10 97 of Eq. 2.4, the corresponding variation in pressure and show
the results on a plot of pressure (in psf) versus depth (in
50 102 feet)
4F
= — 2. %
= Y (€ 7. )
let == fo-'*g Kfre Ai'ure) Se —_— 7
That oz =— o and There fove l ,e\ - =
dp= —¥dz = rdh X
b |
Thus, 4. b :
f dp = ydb
1] _
e R AN ey
ov e
—f:. = y dh (1)

Where ﬁ 15 The pPressyve at alépﬂl "q‘_'.

/'.7&?!’41’1’4/ namer:cq//9 USIns
The 'tf}"dpf?at'da/ I’H)f} ﬁ:l?.)
1

) .

l'H—x')

L

.‘7".’3') th) and N = humber of data




A2 10 |

(foa% )

'The f&}uhv‘e’{ }’?Su/:"s arve 4Given b.s/o% 4/@)15

/u/"m The C’arfe..rfmd/}yj p/a?f af Pressuyre VS, alep‘ﬂv.

h(ft) y, Ib/ft"3  Pressure,psf
0 70 0
10 76 730
20 84 1530
30 91 2405
40 97 3345
50 102 4340
60 107 5385
70 110 6470
80 112 7580
90 114 8710
100 115 9855
12000
10000
ool
g 8000 v
o /
g 6000 -
=3
?
[
& 4000 P
00 /
2000 /
0 .
0 20 40 60 80 100
Depth, h (ft)




P2 12 -]

B e

Elevation (ft) Temperature (°F)
5000 50.1 (base)
*2.42 Under normal conditions the temperature of the gggg gg%
atmosphere decreases with increasing elevation. In some 6400 62.6
situations, however, a temperature inversion may exist so 7100 67.
that the air temperature increases with elevation. A series 7400 6 2
of temperature probes on a mountain give the elevation 8200 78'0
—temperature data shown in Table P2.12. If the barometric 8600 69.
pressure at the base of the mountain is 12.1 psia, determine 9200 68‘5
by means of numerical integration the pressure at the top of 9900 67.0
the mountain. -4 U
e T e L O R - TR I P o, S Tees o
TABLE P2./2.

Fvem Eg. 2.4, 7,
o h._2 f dz
m 7 > . =
In The 'tLaéfc below 75'4! éfm}umiur-e in °R s Qe R

and The /r;-fc;ru,d J'/7‘(-’/;:) tabula ted

Elevation, ft T, °F TR 1/ T(°R)

5000 50.1 509.8 0.001962
5500 55.2 5149 0.001942
6000 60.3 520.0 0.001923
6400 62.6 5223 0.001915
7100 67.0 526.7 0.001899
7400 68.4 528.1 0.001894
8200 70.0 529.7 0.001888
8600 69.5 529.2  0.00189
9200 68.0 527.7 0.001895
9900 67.1 526.8 0.001898

The apprpmmd-e Value of The m'-}-pj,“/ T E?" 2.9 s
g 34 obtained /{SIr'ij 7he. 7")’4/08?0: del rule, ¢.C, L
' 5 I X ~ e levation
L= _z{: Z @t'_"yz‘ﬂ)/)ﬂ'ﬂ "'""L'). where s s /7; ’
n;-lnum ber of Adata points. Thus,
TFo0 £ L .ﬁf
f[—%)d:‘.l = 4.34 R
Sdos f¢ )
So That {wﬁz g =322 H£Es* ana /’e’;&/7/é Pt /b /S/uj- R
Jp oo - (7222 OMG) p1153 )
7 778 FE1b] shg °R

and

(Cm 'ﬁ)

2-9




AZ. 12 -

(Coo't)

It follows Aam Eg.(/) with 7'-} = /2.] psia Tt

— 0.753
P = (12.1 psiz) € -

= /0.2 psia

Wm;e ! Since The -/mpz

ratuve yariatoy s not vevy Jarge,
11 would be expected Thet The 4ssumphon of a constont

ffm/oergfare would give good results. IE The th’Mjafr.e}Lurt
ts assymed Fo be Coustint ot The base Fonpevature
(549:/ "F)/ é =/0./ ps/a p (Ub'l(‘i/i ts only shghtly
different from The result givew wbove . )

2-10
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2.14 (See Fluids in the News article titled “Giraffe’s blood pres-
sure,” Section 2.3.1.) (a) Determine the change in hydrostatic pres-
sure in a giraffe’s head as it lowers its head from eating leaves 6 m
above the ground to getting a drink of water at ground level as
shown in Fig. P2.14, Assume the specific gravity of blood is
§G = 1. (b) Compare the pressure change calculated in part (a) to
the normal 120 mm of mercury pressure in a human’s heart,

ra) For hydreostatic pressure  change
5 4N &N _ .
ap=¥+h = (280 2Y )(im) = 52.8700 = 582 KkR

(b) 7o Compare w it predsure in humen heart
Corn vert  pressure i paré(a) a‘a mm Hj :
+N - (a3 2¥
A %}%”i o W‘)*H}
= {o.wzm)(:ffm): Y42 pmm Hs

g ==

Thus, The préessure &hﬂnye m Tha 5lr‘a'F—fe.s: head
15 Hy2 M ”‘1 G&mpn-e,( hJ;TB 1 20 masn Hj In

—_————

The human heart .

2-11



2,15

2.15 Assume that a person skiing high in the mountains at an
altitude of 15,000 ft takes in the same volume of air with each
breath as she does while walking at sea level. Determine the ratio
of the mass of oxygen inhaled for each breath at this high altitude
compared to that at sea level.

Let (), denole sea level and (). depofe 15,000 H altitufe.
Thvs, since m = mass = V, whers V< volvme
m, =67,,"U, and Mg = Qs Ys, where Y, = Y.

Hence,
Me QsVs  @s
Mo (_701/0 i 630

If it is assimed that the air cam/vmh(/‘ﬂn (e.q, 7 of
aire that s oxygen) is the same af sealevel ac it jsaf /5 000f]
then we can vie the p Dalves from Tah/e C.1:

(Jo = 2,377X/0‘3 %/?Vaﬁ and f’,d- =/.W/x;0"‘3 ‘%’Zﬁ S0 7%@1‘

-3 slv
Ms — JHGéxi0 3-%;%

e

mg 2.377)([0_3 JIV?‘S
3

=0629=62.97




2.16 2.16  Pikes Peak near Denver, Colorado has

an elevation of 14,110 ft. (a) Determine the pres-
sure at this elevation, based on Eq. 2.12. (b) If
the air is assumed to have a constant specific
weight of 0.07647 Ib/ft?, what would the pressure
be at this altitude? (c) If the air is assumed to
have a constant temperature of 59 °F what would
the pressure be at this elevation? For all three

- cases assume standard atmospheric conditions at
sea level (see Table 2.1).

= )% y
r i) pe (,_ éﬁ) Eg. 2.42)

= 2R e
bor  p = Al 2&,, , B=000357 | 2732074 5
= 6 = #t e gnd
Ta = 518.67°R , R=17/¢ g e )
2 . 3S27% —’Gf'

Re "~ /- = 5262
7
/% (/7/4 i %)éwwﬁ)
Fhen 5,251
= #)
P- (2014.2 ;’ftz) /_fﬂ-wzzijfjsua

% /zwo_ﬁl (abs )

I

(6) p= 1 —rh

= 62 £, - (osmew1 & )/ﬂf o #2)

= /oup 73 (abs)

ft}

— 27 > 10
) =t £ - (Ep. g
“ £
= L4 _{(3/2.17:3)(/%;;0;0 7J

/ ' )
116.2 W) (17 Ww){fxgm R)

Il

1B (abs)
1270 £, (abs

2%




2,17 ‘ 2.17  Equation 2.12 provides the relationship

| between pressure and elevation in the atmo-
sphere for those regions in which the temperature
varies linearly with elevation. Derive this equa-
. tion and verify the value of the pressure given in
' Table C.2 in Appendix C for an elevation of 5

km. 2 2,
dp . g [ dz
[‘;ﬁ T R)TF (Eg. 21)
let  p~p  hr Zz0, B~p for 2,22, and T=T,p2.
Thus p 2
’ d_f . _é Jz
# R | TL-p2
1 o
er

£
[-—-ﬂ'— L (TA-/H)JO = é[&(ﬁ-m)—ﬁ,&]
h(i- &)

and +uking logarithm of both sided 26 eguation ields

P= p (,_%W (£ 2.12)

2]

For 2=5bwm with 3_2101.33/LP¢ j T = 288, /5'/(/ &= 7807 53 |

% J

- rAY = J
= Oooeso . R 337“7& ,
7.807 =
2372 )b.o0esX )
(0. 0065K ) (5x10%m) ( PN Y ™
fr(/m.saé&)[l-— ) 7
293, 15 K

‘N
= 5. %6 X 16 o)

' ¢
( Bom Tadk € s Appendse £, f= 5Ho5x10 2 )

2=l



2,18

2.18  As shown in Fig. 2.6 for the U.S. stan-
dard atmosphere, the troposphere extends to an
altitude of 11 km where the pressure is 22.6 kPa
(abs). In the next layer, called the stratosphere,
the temperature remains constant at —56.5 °C.
Determine the pressure and density in this layer
at an altitude of 15 km. Assume g = 9.77 m/s?
in your calculations. Compare your results with
those given in Table C.2 in Appendix C.

Fer i1sothermal conditions ’

"‘Z (51"2‘:)
—Ezﬁ g (E'z, 2.10)
SRR g
let = lhm p=22.0hP  R=287 Gx 1 4 271 %%,
and L3 —565°C +273.)5 = 216,45k
777&:5) 3 3
_ ﬁ.??*-:::_)(/fxwm-lixit)m)
b (120dn) e L @02t
= /2.1 APa
A'lsa 3 NV
J . _é_ " /;?-/JC/D P = &) O‘j?;ﬁ
/20 eT . m3

(287 ka V(216.45k)

(/::wm Table C.2 4ppem/.r}< C y f.: 2,11 & P and
g £
A= o198 28 )

3

=[5




2.19 (See Fluids in the News article titled “Weather, barometer 5,
and bars,” Section 2.5.) The record low sea-level barometric pres-
sure ever recorded is 25.8 in. of mercury, At what altitude in the
standard atmosphere is the pressure equal to this value?

For recovd [ow Pressure,

P = iy 'ﬁ (947H3)(25.2 :'n) fi? ;>-" 12.b -:l",_

{zlri}:; (H4¢ in.

From Table C.J ih Append’y C »
@ 0L albitude p= ¥ LG -ﬁ,g—
@ S000f slhtude  p= 12,228 b

Assume linear variation change i Press“ye per foot. Thus,

b
Pressuire change per fool = I Lge ! ”:, — 12228 = Th
o060 Ft
‘T q3L x10™" ”’ per £
and.

: Ib l\o
Lab 2y = o (o) [Ha3L 0 by -|= ;z.(,ﬂ.,
S thek A= 4250 Ft

m‘-

2-16




2.2.0

2.20 On a given day, a barometer at the base of the Washington
Monument reads 29.97 in. of mercury. What would the barometer

reading be when you carry it up to the observation deck 500 ft
above the base of the monument?

Let ( )y and (), correspond to the base and observation
a’eok respecf;vely

771!/5, with W = height of the mmumenf i

O = fod = GirH = 7.45X10° ——* (5004) = 38,5 L,

3U+
p= h where b’;/ « §E7 L H_; and h =barometer reading,

T/w.r

/
2”77‘7‘) hoy =38 sﬁf’z
or " .’
R ”ﬁ) S (L2H) - o.0mss H]124)
] 7
= (29.97 -0.545)n.
or

h, 4= 2943 n.

2507
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Air
2.2l Bourdon gages (see Video V2.3 and Fig. 2.13) are
commonly used to measure pressure. When such a gage is
attached to the closed water tank of Fig. P2.2. the gage reads
5 psi. What is the absolute air pressure in the tank? Assume
standard atmospheric pressure of 14.7 psi.

12

Bourdon gage

p=rr+ R
gﬂ}e-— g"zz -ﬁt)d;.(;p - jgl.

L. = /b /b
Gi= (5 myL,)— .
// .,C‘t)[éz_l,cé—l;_,) ® FIGURE P2.2)

/44 Ih*
,,Ctz.

7%”; = _/?-:3’ B5LE

2-/8



2.22

2.22 On the suction side of a pump a Bourdon
pressure gage reads 40-kPa vacuum. What is the
corresponding absolute pressure if the local at-
mospheric pressure is 100 kPa (abs)?

'ﬁﬂeés) = ﬁ[;n;e)-f- 76(41.'77»)
— b AR+ loohPe = Lo4A

2.4 |

2.24 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 5 ft above the base of the tank. The water m‘r
level in the other side of the U-tube (which is open to the atmosphere)
is 2 ft above the base. Determine the pressure within the tank.

i |

SH| 1 |
i ¥, (5H) =8, (2H) =0 | 2]

or
1b
ﬂ{r = "(3H)a;w = -(3ff)(62.% 1)

- - 1374

2~1?



2:2 8

2.25 A barometric pressure of 29.4 in. Hg
corresponds to what value of atmospheric pres-
sure in psia, and in pascals?

(fh P“-) P = b”ﬁ /95‘7 /J?IIH- " = /':‘-4‘-/;5&4,

/‘Hﬁ/

(2, 52 ) p=h= 033;{/03/;’_‘.1)[,?9.4/}1)/1.%x/5I_"_:.):-. 79 3 AR (abs)

2-20




2.26 2.26 Foran atmospheric pressure of 101 kPa

(abs) determine the heights of the fluid columns
in barometers containing one of the following lig-
uids: (a) mercury, (b) water, and (c) ethyl alco-
hol. Calculate the heights including the effect of
vapor pressure, and compare the results with
those obtained neglecting vapor pressure. Do
these results support the widespread use of mer-
cury for barometers? Why?

(_z.hc/ud:rq vapor f:rrssure)
75(4.15/»-:) = 3’{ + /‘bv-

wheye %’, ~ vapor pressuve
771“5) { - ‘Pé—"-{o—- )~ P‘U‘
a;
3 n -l N
[0] x 10 2, = LbXIb —
(4) For meredry . -£ = %10 m i
/33 xms_%
m
= 0,759 m

/fx/03” /77x1°”
) ) - = J A
) Br weler: 4 = aa m
g s0x103 M
m3

= o] m

N

3
) Fé;r 67‘%}/ ﬁ - lg/x/oaﬂ% =5, Tld ==y

alcoho) !

7.7¢ xi10> XM
/m3

= 1A.3 m

(Wr ﬁ?oué W{/ow‘ Pres.su re )

f(&.é&:) = 3’}1

Platm)
'f = )

LIy
o] X110 —

1 s

3N
133 1D -n—;s

= 0,759 mm
3N
o1 £ 1D Tt

780 X103
/YM3

4 s

= [0,3 m

S N
lor x Ib —

RS

17 x10° 2

= /3,0 m

YCS. F'@)' merc'ur/g bﬁmmeéers 7%6 6#(’C£ O’i( Vd.f&i’ ,OWSfl{re
&
/

Is hegligib

column 5 rewsonable

and The reguired height of The mercury

2~2]




2.07

2.27 A mercury manometer is connected to a large reservoir of
water as shown in Fig. P2.27. Determine the ratio, 4, /h,, of the

distances h,, and h,, indicated in the figure.

O = by * Suhn
but f, = /73 = a';’(z/]m) mFIGURE P2.27

Thys, |
thw +dﬂwhm = Za,'nbm

or
(Kw)]"w :(Z‘Y'm'Xw)hm

so that

hw (2 Sm-dw) =256 -/  whe = I _

——be = VEO I WL = J ,\ SG = --IB-\S'é
Fim b m €~>bm =7,

T’WJ‘J

hw

T =2(13.56)-| = 24.1

22

N
|
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=— Closed valve
228 A U-tube manometer is connected to a closed tank l¥
containing air and water as shown in Fig. P2.28. At the closed ! ;
= i o X r—Air pressure = 16 psia
end of the manometer the air pressure is 16 psia. Determine the
reading on the pressure gage for a differential reading of 4 ft (N =
on the manometer. Express your answer in psi (gage). Assume "7

standard atmospheric pressure, and neglect the weight of the air
columns in the manometer.

i
I

e

=

i
H

i
i

by

L

Air

Gage fluid
(y =90 Ib/ft3)

®H FIGURE P2.28

i ‘;f (4#) + qéo weife ) = 7§%?¢

| Pressure
gage

Thus, '
ok
buge = (Wt o Y ih ) + (oo fo )l
+ (624 L) 2 12)

= 725, = (672 ff:,_) ,—Z:,%) #67 pst

225




Z. 2 q Hemispherical dome

2,29 A closed cylindrical tank filled with water has a hem-
ispherical dome and is connected to an inverted piping system
as shown in Fig. P2.29. 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 P2.29

(d) é - Cgé)(a;zd)[;?rm) = %0 (zm’i) :'PB

4

8

= /03 LR

(6 ) ﬁ: 754-—- bj‘zo (3m)
bokF, - (‘f.sax;oB;,,”'; )[?M' )

I

3 N
30.L x10 o

1]

3 N
y) P - Bo.4xXB .

I
{
NS
™~
(S 1}
oS

3

a’ﬂj /33X 10° 25

CohR + (28)(Ta1x” %) (3.m )+ (7 onma#) e )

|_-5G=08

9 .94



2.30

2.30 Two pipes are connected b

Y a manometer as shown in Fig,
P2.30. Determine the pressure di

fference, py — pg, between the pipes.

13 m

Gage fluid
(SG = 2.6) Water

= 15

HMFIGURE P2.30

Bt 8, (05m vobm) = Yo (04m) 1+ g, (3m-0.50)= 1,
Thus,

7?9_ Pla ?#/06/»:)— (05'4’.1-0‘% f—/;3m"05'm>

1

(,u)(?g,’,—‘;—-)/oem) (95022 )1, 7.m)

= —- 332 LR
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2.31

2.3! A U-tube manometer is connected to a
closed tank as shown in Fig. P2,3/. The air pres-
sure in the tank is 0.50 psi and the liquid in the
tank is oil (y = 54.01b/ft*). The pressure at point
A is 2.00 psi. Determine: (a) the depth of oil, z,
and (b) the differential reading, /i, on the ma-
nometer.

FIGURE P2.3)|

779:45) ) 4?4" i (92 3 )(w-m
Z = > = 4004t
o 540 ﬁa —_—

(b) 4}} + X (248) - (sa)(grﬁ“zo)ﬂom =0

Thus)
Py + Yoy [2£)

(se)(zfm)
) ll%-l+-—" )““ (S‘l-.o :lf%t'a)(z‘&)

(3.05) (624 &3>

/ﬂ\_:

= Z 0% £t

2-25b
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232 For the inclined-tube manometer of Fig. P2.32 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 manometer has a specific
gravity of 2.6. What is the pressure in pipe B corresponding to
the differential reading shown?

3 in.
t

FIGURE P2.32

fy t 3}20(7?.&) 3:#( A)Sin30° — ézw /é&)
( where b}; /s The  Specife weisht of The gage Fluid )
Thus,

Ui

P, — ¥y GLfe) sin 30°
(06 )(/‘{'Lf' )- G.6) ¢z, 4#,) &)(0,5):32.3 :i'f

& 323%/# //:,rz,c/a'/.,Ct = 0.224% pPsc

[

2.33

2.33 A flowrate measuring device is installed
in a horizontal pipe through which water is flow-
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-
eter 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 Ib/in.2

-ﬁfomm e£ er

fl_a_h; (( (wnater) 4

Let p and p be pressures at pressure taps.
Wite mmpmefpr ejmbon between £ and A, Thus,

‘75:1- ¥ (R +h) =%, 4 ‘B‘#w%l:ﬁ

ﬂzo : ’7[
So '/71425:
4 - 4, -, (asm,)[m m‘—
03t = Vuzo 2 g2, - b2y &,
= [ 45 £t

2-27




.34
2,34  Small differences in gas pressures are
- commonly measured with a micromanometer of
- the type illustrated in Fig. P2.3%. This device con-
sists of two large reservoirs each having a cross-
sectional area, A,, which are filled with a liquid
having a specific weight, y,, and connected by a
U-tube of cross-sectional area, A,, containing a
liquid of specific weight, y,. When a differential
gas pressure, p, — p,, is applied a differential
reading, A, develops. It is desired to have this
reading sufficiently large (so that it can be easily
read) for small pressure differentials. Determine
the relationship between / and p, — p> when the
area ratio A,/A, is small, and show that the dif-
ferential reading, 4, can be magnified by making
the difference in specific weights, y, — 7, small.
Assume that initially (with p, = p,) the fluid levels
in the two reservoirs are equal. T
1n1tal/

/evel

—

mitial leel
for yajf Flui el

When a d.evendss) pressuve, b4  is arpph'ed we assyme Thel level i1 left
Veserveir drops by a distance, An, and right Jevel vises by Ah. Thus,
The tnrgnemeter egmzé.r}m becomes

Fr o (A h-ah) 54 - 5 (4 +4h) =4
F-p =54 -54+ %) ()

Since the /rg'mio’_s 1n The manometer are ncompressible,
AR A, = 24 or  zdh o A
3 Ay
and i+ %t Is small Then 24h << b and last term in Eg.())
Can be he;/ectepf. Thus,

'P,“‘f’,_-‘ (al"'yl)‘f‘

oy { ) _15’ —-/,b,_
b':. — ?f,- )

and larje valyes of h  can be obtained for Smel) Pressure

differentials  jf 0=, 15 small,

eoFr

2-29%
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2.35 The cyclindrical tank with hemispherical ends shown
in Fig. P2.35 contains a volatile liquid and its vapor. The lig-
uid density is 800 kg/m?, and its vapor density is negligible.
The pressure in the vapor is 120 kPa (abs), and the atmospheric
pressure is 101 kPa (abs). Determine: (a) the gage pressure read-

ing on the pressure gage; and (b) the height, h, of the mercury
manometer.

Open

BFIGURE P2.35

| . b, = . N
(@) Let BZ- op.wk of liguid = 6’00 %33>(‘?.312{>- 1850 5

and
“FEMP,, (345*:) lZonPa (abs) = 10) kR (abs)= 19 4R
Thus,
vpaﬁﬁc_;" deaPar il X:E (l'm)

= \q;(ma g—z + (‘!85’0,‘%5>(\M3

ko Zaﬁ%P&
[L) fb (aaso.)-\— . ([m\) —X# (%) =0

Vdfb

9% 10° __; + 7850—)(lrm) (133xlo__ )(M =0

“ﬁ\z 0. 402 rn

- 2=24




2.36

2.36 Determine the elevation difference, Ak, between the
water levels in the two open tanks shown in Fig. P2.36.

W FIGURE P2.38

Water

S/nce P,:'{’L:o
Atz O %am ~ [0.‘))[0.4/»4) = 0 040 m

GAmEGL &m’w\w R T T

2 b:;,odﬁ' + (Sé)fygzo (0-‘1‘fm) t h;,” (4- 0.4m) +5’” (M“):E

2.0

/////////A
FIGURE P2.37
let Y be specitic weight of anknown Fluid, Then,

32‘10 [(5'5--/#);] [(33 /4)&] 7 (‘H;'_:izﬁ)’[f .

12 2.0)

and
Y= )’#0[(55 !.4)—(6‘7—33)]’" ﬁ” a) 4,_,4
(33—1L4)in 7z
_ 1,
= 2. s

2 . 3 7
Open Open
2.37  For the configuration shown in Fig. i
P2.37 what must be the value of the specific
weight of the unknown fluid? Express your an- 5.5 i -
swer in Ib/ft?, ™ 4.9 in.
84 3.3 in

A=30



o?- 3 g ‘ Ocean surface \VA

2.38  An air-filled, hemispherical shell is at- —
tached to the ocean floor at a depth of 10 m as
shown in Fig. P2.3%. A mercury barometer lo-| 735 mm &
cated inside the shell reads 765 mm Hg, and a -
mercury U-tube manometer designed to give the
outside water pressure indicates a differential
reading of 735 mm Hg as illustrated. Based on
these data what is the atmospheric pressure at the |
ocean surface?

Mercury

FIGURE P2.3§
Llet:

7%_ ~ absolute qi} pressure inside shell = 37'4; (0.7@5‘/;")
aém"* surtace afrmm/:hemc pressure

B./Sw' i Speciafz'c weight of seawuter

77%!5 Maviemeter eﬁwmﬁém Con be written as

72:9», * o, (om) + ¥ (0.360m) - %, (0735m) = 1
Jo That

éé{m;- A - %’w_ (10,36 m) + 32{; (0735 2 )

(133 ﬁi;)[(ﬂ,ngm) - //a,/ é—"é)//o. 3bm) + (133 f—f’;)(mafm)

i

|

749 4R

2-3|
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2.3 Both ends of the U-tube mercury ma-
nometer of Fig. P237 are initially open to the
atmosphere and under standard atmospheric
pressure. When the valve at the top of the right
leg is open the level of mercury below the valve
is h;. After the valve is closed, air pressure is

applied to the left leg. Determine the relationship
between the differential reading on the manom-
eter and the applied gage pressure, p,. Show on Mercury
a plot how the differential reading varies with p,
for h; = 25, 50, 75, and 100 mm over the range
0 = p, = 300 kPa. Assume that the temperature :
of thigtrapped air remains constant. ’ F!GURE P2.39

W/‘ﬂ The valve closed and a presswe/&, A//://.ed}
B G &
or
YA Taki (1)
B’,;J

Where 7t> anAd ﬂ are  g49€ pPressures For /.S'afhc’rmaf
ComFresszéa of tra pped air

L = Constin?
So Tt for constrt air mass
Ve

Where V15 air volume ; P Is absolyte pressuve, and ¢ and 1
verer to /nital and fmar sintes rf.s/ufcfufe/g Thus,

é_f (75 72;5,,.., )-bj-ﬁ c2)

f;r gir /'m”(d i r;ﬂ)‘: /f’j} ‘l?f: {.ﬁr{@ ,/,4,54) s5 Dt
E4.(2) Can be writfen as
Y

ﬁf/m[ ‘_,_h =1 €3)

CH
J

o obtuin

! 2. 4
bh= 3~ [‘P + [ = — ] (%)
a;"i ﬁ et ( -%'_A—:) | (Coni)

Substitute EZ.U) 117D .Eg,(l
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In the

hi
(m)
0.025
0.05
0.075
0.1

0.16
0.14

0.12

Ah, m

0.08

0.06

0.04

0.02

an A a’#j: 133 BN /m2) A plot of tre data £, Jows. *

(Cont)

Egmi-mn %) Cun be expressed 1n e Fovym

£

(h)* (ak+ frhen)y o W45 oy

g A

and The poots of This jaadm:‘fc egaqﬁm’q ave
= (-QL . B "‘L”"):Uﬁt- . ﬂﬁm)"_ 2 4 4, -
H

+
& &

g T

2y
Alg g

To  evaluate AJQ The  pegdtive 517.;1 'S used sipce dh=0 for f}:o.
Tabulated values sf 84 For V4rious Valyes of #y 4dre given

Pollowing table Hor di Flerent values of *; Y witn /p,‘_:}ol,/g}%_

"

patm )/'-hg Py Ah(h; = 0) Ah(h;=0.025) Ah(h;=0.05) Ah(h;=0.075) Ah(h=0.1)
(kPa)  (kN/m3)  (kPa) (m) (m) (m) (m) (m)
101 133 0 0 0 0 0 0
101 133 30 0 0.0110 0.0212 0.0306 0.0394
101 133 60 0 0.0182 0.0354 0.0517 0.0672
101 133 90 0 0.0231 0.0454 0.0668 0.0874
101 133 120 0 0.0268 0.0528 0.0781 0.1026
101 133 150 0 0.0296 0.0585 0.0867 0.1143
101 133 180 0 0.0318 0.0630 0.0936 0.1236
101 133 210 0 0.0335 0.0666 0.0991 0.1312
101 133 240 0 0.0350 0.0696 0.1037 0.1374
101 133 270 0 0.0362 0.0721 0.1075 0.1426
101 133 300 0 0.0372 0.0742 0.1108 0.1470
L h;=0.10
/
hi =0.075
/ /
/ — h,= 0.050
e i =
d —
F——-,-_-“I.
////
// hi =0.025
DI
/ _//-—-__-—
L—
% hi=0
0 50 100 150 200 250 300 350

Pq, kKPa
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2.40

2.40  The inverted U-tube manometer of Fig.
P2.40 contains oil (SG = 0.9) and water as
shown. The pressure differential between pipes
A and B, p, — ps, is —5 kPa. Determine the
differential reading, A.

BFIGURE P2, 4

é,‘ b;za (3’12@)*{;/ (ﬂ) + a;l;o (0,3,,,.,) =4%,

Thus
J,ﬁ (%5 -4a) + Sino (0.22m) = ¥, (0.3m)
i Yoi l
" 5'x103£1 ~ (‘f.gaxms(—m’lg)/o.m)

§.95 x10° 24,

= O 449 m

2-34




2.4

Carbon tetrachloride
2.4/  An inverted U-tube manometer con- 8 psi ~
taining oil (§G = 0.8) is located between two Sy
reservoirs as shown in Fig. P2,4). The reservoir ) >
on the left, which contains carbon tetrachloride,
is closed and pressurized to 8 psi. The reservoir 31t
on the right contains water and is open to the
atmosphere. With the given data, determine the
depth of water, 4, in the right reservoir. e e

FIGURE P2.4

Let & be The alr pressure in Jeft réservolr. Manometer 6'5«4570;1
Can be writen =3

£ b:ch(s Ft~lst-16-00f) v ) (a.m)-);w (R-10:-18) =0

So That
ki 4, = % ¢ a‘c,_g,' (0.3 4£) + 5o;j [0742)

Xﬁzo
o (85 ) 1w 2 ) +(70.5 £) (03 52) +(570 .o 42)
,

+ 2

24+

= &4

2-35



2.42

@p=2psi

i 56=09
2.42 Determine the pressure of the water in pipe A shown in Fig, Air b
P2.42 if the gage pressure of the air in the tank is 2 psi.

ﬁq = J'Wh’ - (O,?Ky)hp_ +th3 =f41'/'

or
ﬂjﬁ =ﬂn’r +d‘vl(}7: +0'?})z’bg)

py (/a;;i,-ﬁa.)+ 62445 (- #+09 (4H) - I#)

2-34
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243 In Fig. P2.43 pipe A contains gasoline
(5G = 0.7), pipe B contains oil (§G = 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
15 0.30 m as shown.

FIGURE P2.43

gr 1he /;n'ﬁé/ C@nﬁjuraimn N
Py P (0.3m) - Vg (63m) = %, (0.4m) = (1]

With a decrease tn £ to &
shown on fFiqare . 7‘hu5 for

a-f%/&.?'—q)—d‘b?(JhJ-—-é;u (a.ﬂ—ra)=;‘% €2

Where all lengths are in m Subtract Eg,‘ZJ From Eg. (1) +

Gage Fluid Jevels change “s
FAnal Configuratson :

obtain,
]
Boh Gl =gy (03-41) » yyte) = o =
5/./756 A& sdh =873 [See -/la'ure) Theq
Z

ana 7rom £gq.(3)

Bt Y (258) - By (o3-08) iy (252 =
Thus, |
s Bt + 0505 (0.15) —duy (0.3) + &;/ (0.5)

\

—:)g;arfﬁsqr%_'f

2
and twiTh ’619 -fé’ = 2-5-16 Pa.

A‘ﬁ ;;5 + (o. 7)(73/ )[o lé‘m) (33 “6” )(0 Bm«) (0 f)/?r?l“)ﬁub.
— 33 24 4 (07068 22, ) 4 (o (0.7)(7.81 =
2

= O, /60 m

2=37




2 44

2.44  The inclined differential manometer of

Fig. P2.44 contains carbon tetrachloride. Initially

the pressure differential between pipes A and B,

which contain a brine (SG = 1.1), is zero as

illustrated in the figure. It is desired that the ma- <[
nometer give a differential reading of 12 in. (mea-

sured along the inclined tube) for a pressure

differential of 0.1 psi. Determine the required

angle of inclination, 6.

Carbon
tetrachloride

FIGURE P2.44

/

When ‘}% —PB IS [ncreased to %!"’% The et column 4alls a
affﬁ#ﬂme/ a, and 7The Fight Colymn rises « distance b aleng
ThHe t1hc/ined +ube 4s shoum m ﬁgwe- For 7his fpal &onf/jumﬁa'n :

‘5',4' a;r (.£L'+a') - X((Qg (4 ¥ 51‘?79)—* Xér (7%. -_!JS’hB): JPB’

-t o+ (4 - Leg, Mo +b3i6)=0 (1)
The d.flerend sl read/h7J Ah, aleng The tube /s
4 h = 5—,%;9 +b
Thus, +rem E3.0))

i r (/i'- frai)

Lty
13

b In*
Sin6 = —@‘/7{'5. )(Wf—!—'—t‘-) o

[(I.I)(bz.lr_f],%, )~ 795 f,g (L2 &)

7@}" A}\'—'- 2 l‘n-

Thus o
’ ©=27.8"

2-3g
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2.45  Determine the new differential reading
along the inclined leg of the mercury manometer
of Fig. P2.45, if the pressure in pipe A is de-
creased 10 kPa and the pressure in pipe B remains
unchanged. The fluid in A4 has a specific gravity
of 0.9 and the fluid in B is water.

Fer The initia/ Canﬁj‘uraéto'n :
7-;1+a:4(o./)+ r#; (6.05 sin 30°) - 57420 [0,03)—-1/?3 (/)

wheve all [tngths ave 1m 7, lhen

decreases left column
Me pyes u.P Co

distance, a , and wohrt eolumn moves down
4 distance )&, QS showh in Figare . for The fihal configuratioy

fjlr b; (o, —a-ﬁf'nw‘) + BL; (a 5m30° + 0,05 sip 3o°+4)-
.3’#10 (0_08.’.4) = .758 (2)

, . -
loheye a‘ 1s  The Nétw /br‘e’s.ﬂ(ra in f;f-e -A.
Subtract EZ'”'J From Eg. l)) to  obtain

a "'/&; + B;‘ [a Sin 30°) < 3;,; a (5:;1 30°+;) + B’HLO(Q-) =0
Thus ,
¢ B [&"Pﬁ)

¥y Sim30° a’”g (sin30°+1) +
For ﬁ;'ﬁ;: 10 4P

a =

H20

[l
§v

a

(0.0)(4.31 25) o.5) - (133 2% Yoser)+ 90022,
= O.05% m

New diffevential reaa’m% Ah} m easuved a/on7 inchned +ule s
QZuaf +to

Q.
= e + 0,05 + QA
4 h Sin 3p°

- + 0,.05m+ 0.05%0m = O,2/2 m
/5 e

2-34
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46

of Fig. P2.46 as a result of an increase in pressure

. remains constant.

246  Determine the change in the elevation Tieder
of the mercury in the left leg of the manometer

of 5 psi in pipe A while the pressure in pipe B Area sty e

diameter

FIGURE P2.46

For the inidial Confzg'umﬁén &

6 - 20 s
7 %y o ) “&g (sz"’o) =& (iﬁ:l)‘f;’g 4
tWhere all /Enjfhs are in £t. Whey % Increases +o &' The
left column +alls by The distance ,a, ana 7The right eolumn

moves wp The c/z,'svlqnce_J bJ a4s SHown in The ﬁ_.qmﬂe,_/-;r 7he
76/54/ 60.»:-45'#}‘1':’7&/7 )

{

L? = a ._61 3 ° . o ) __
4;‘ + a;l,,o /9.'*4') 3:‘;[ + 73 5/m30 -;-.é.smEtJ)

Gis (B - ban3d)sp (2)
Subtract E'g, (1) #rom Eg.12) 4o obtain

"fi; — ﬁ’q ¥ 3;{20 /4.) -3;3 (4-1—6:/7:30“) + (};;/ [L sin 30‘9 =0 (3)
Since The volume  of /,3}”;! must be emstant A a = A, b,

el /:4-_-/}:.)2&. =[7;“'7-)ZL
So  That .bz-L/'Q-

T/‘)HS, Eg_(3) Can be trtlen «s
- B + Yz (a) - b‘#g (@ + ¥a sin30®) + & (42 513 30°) =0

ano .
3 %"’PA ) : \_(f; %h)(lv#%h)
Thgo = By () 42 (2) b2y 2, (%47 1;—:3)(3)#0,4)(42 9;’-‘;’3)(:.)

= 0,304 £t (down)

2-4Q




2,47

2.47 The U-shaped tube shown in Fig. P2.47 initially contains
water only. A second liquid with specific weight, y, less than
water is placed on top of the water with no mixing occurring,
Can the height, h, of the second liquid be adjusted so that the
left and right levels are at the same height? Provide proof of
your answer.

BFIGURE P2.47

The pressure 6t  pPoint (1) muyst  be Qzual +o
~the pressuve at pornt (2) sSinie Tne Ppressuves
ot equal elevations 1n a Contmuous mass
of Llud /Must be The same. jlnie)

b=y
b=¥ 4

Hz 0
7776.58 —/—wa Pressyres Can arr/y be %L{q! £
r= X“ZO . Jince é’qf B/”zo The C(on ﬁjamfwn
Jhown 1n The ﬁj.ﬂr’e Is not possible. No.

an L

2-H1




*2.48

? ; VA
*2.48 An inverted hollow cylinder is pushed into the water as 2 "“;/:\f-' s R
is shown in Fig, P2.48. Determine the distance, €, that the water Tl
rises in the cylinder as a function of the depth, d, of the lower Laﬁ

edge of the cylinder. Plot the results for 0 = d = H, when H is
equal to 1 m. Assume the temperature of the air within the cylin- Sl i v S
der remains constant. Open é’r}_d'/ :

TR
3

MFIGURE P2.43g

For constant fcmpem.éurf Corn ,oressm'n within the ij/lr;df":
’#L. -b»z = _T?C in (1)
wheve - 15 1he aw volume , 4nd ¢ and £ refer +o fae

/’;f}lﬂ./ ana 7[;”4/ 57%'-7[!.!'/ VfSF;‘/‘;Vg/y ; If’" ﬁ/jﬂldj 77?4!'
(see Agure)

= %, Ho&(d-2)+fy,

V.= Zo%% ¥ = I p* (H-2)
Thus, Lrom £§. (1)
m .
B (Zon)= (rid-2) +4, ) To (w-4) (2)

And with e
73.!‘4”: /D}fkpq_) A/: q.a’ﬁm—;-a")@ﬂd H':,/WI.

E—"g_CZ) 5//77/.;]:;'/3_'; Fo
02— (d+1.3))4 + d (1m) =0
So That (a,s;hj The gaadraé/é dormula)

ﬁ_ (d.-Hl.3l ) \[d2~1‘- 1861 d+128
i .

Since Lor e =0, ,Z.=-0} The negative Sign should be
Used dne

ﬁ = (d-i-ll.i’l) - Wd2+18.éld+/zg
2— s

Tabulated dota wim the Correspondiing Plot are
Jhown on The Followinsg pPage.

(Cor %)
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*2.48 | Ceon't D

Depth, d (m) Water rise, ¢, (m)

0.000 0.000
0.100 0.007
0.200 0.016
0.300 0.024
0.400 0.033
0.500 0.041
0.600 0.049
0.700 0.057
0.800 0.065
0.900 0.073
1.000 0.080

0.080

0.070 /
0.060 /
0.050 //
0.040 / i

0.030 /
0.020
//

0.010 -

Water rise, { (m)

0.000
0.000 0.200 0.400 0.600 0.800 1.000

Depth, d (m)

LHE3



*2.51

*2.50 A Bourdon gage (see Fig. 2.13 and Video V2.3) is
often used to measure pressure. One way to calibrate this type
of gage is to use the arangement shown in Fig. P2.50a. The
container is filled with a liquid and a weight, ‘W, placed on one
side with the gage on the other side. The weight acting on the -
liquid through a 0.4-in.-diameter opening creates a pressure that
is transmitted to the gage. This arrangement, with a series of 7
weights, can be used to determine what a change in the dial
movement, 6, in Fig. P2.50b. corresponds to in terms of a \
change in pressure. For a particular gage, some data are given
below. Based on a plot of these data, determine the relationship ®) (a)
between 6 and the pressure, p, where p is measured in psi? W FIGURE P2.50

wab) | 0] 104|200 323405 |52 |63
G(deg) [0 ] 20 | 40 | 60 | 80 [ 100 | 120 |

i

)
P22 LW | 790 W) (1)

Aree I (04m.)

(wheve P 15 in psi)
Frem graph
Q) =00522 &
So  That .ﬁdm Fg (1)
P (psc)
7.9¢

ﬁfﬁs;“) =t 5‘/4 =

5 0. 08522 @

o

Theta,deg. W, Ib

0 0.00
20 1.04 8.00 W =0.0522 &
40 2.00 o 6.00 "
60 3.23 = A
. 80 4.05 P 400 "
| 100 5.24 2 2.00 -
| 120 6.31 0.00
0 50 100 150
Theta, degrees I
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2.561 You partially fill a glass with water, place an index card card
on top of the glass, and then turn the glass upside down while
holding the card in place. You can then remove your hand from

the card and the card remains in place, holding the water in the ain H
glass. Explain how this works. AF
. : wader
In order 4o hold the index card in p/ﬂce when the N SN h
7/@5: 1 invem’eal,i‘he pressyre af fhe card— water i _L
interface , p,, most be A=W, where Ais the vpright

areg of the gliss opening and W is the card weight.
Thus, £, =-W/A . Hepce, 2= f =&, or
£, =~ WA-h(gag¢).

Since 'H?B amaz/m" 0)( ar ,:n ﬂig q/g;_g PEMAINS -,%9 . (2)
same when if is inverted, —

Cu AH, = & AH, where u apd ¢ svbscripts
refer to the vpright and inverted condit yps. Thos,
) H;= _g‘i M, But p=pRT sothat

. (Pu/RTu) _ fu "

m g, (P/AT) =~ B provided the femp eratope

remains constand * T; = Ty . Mote * Since we are vsing the perfect gas law
the pressures myst be pbsolvie — 4= fatm , fs = fo==WA-EN faim
Hence, from Egs. (1) and (2):

I Lalm . n
(®» H, g ot —W/A T ) Hy  That is, when the glass is jnverted the colvmn

of air inside expans slightly, cavcing a<mall
gap of size AH betwson the lip is the glasc
and the jndex card. From £q.(3) this Al js

) _ Patm +0
b=ty = ( Latm ~WH ~¥h ,)H” ~Hu= pafr/f/:;mb- w:) Ay
If this gap is “large enovgh" the water wovld flow ovtof Hhe glass and ai jnto if
It it is'small gnovgh "surface fension will allow #he slight pressvre difference
across the air-waler jnterface {i.e., g, ==W/A) needed to prevent flow and
thus keop the index card in place. Recall from Equation (1.21) in Section 1.9

“ . O

v o e N oLy

7 .'.-"

% LU I .

AT vt
A S g eg S
o dD
o P Ny bW

!

~fje

inverted

(con't)
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2.5 |(con't)

that the pressure diffenence across an inferface i's
proportional o the surface fepsion of the ligvid, o

and the radivs of c:am/m[t/nq R, of the infertacs. ]
T/hﬂl fsJ f)l el O—/ﬁ

Thus, for smaf| enough gap, s, which ives a smafl
eﬂ007f) inferface radius of convatyre, % surface
fension is large epovgh to koep the water from
thwing and the index card remains in placs.

Consider some typical numbers to obiain an
approximatiof of the gap prodyced.

— -

Assyme h = 3in. = 0.25 M H=2in=0167 ft Fatm = /%7 psiq,
and W/A <<&h. Thet /s, the weight of fhe card is mych Jess Fhap
the weight of fhe water in The glass (i.e, W<<Ah),

Henco, from Eq.(#):

" ah P 52,4‘#’; (0.25 f4) ]
=t el ”[

Foim -

(7 ) 14405) - 62,48, (0254 J (OHT T
or

AH = 0.00124 1 = 0.0/%49n.

This is agparently a <mall enovgh gap to allow surface fension to kesp +he

water in the qlass,air ovtof jf, and the pressure at the water —cand
interface low enovgh to keep the card in place.

2-H6



£.52

2.52 A piston having a cross-sectional area of P

0.07 m? is located in a cylinder containing water Piston
as shown in Fig. P2.52. An open U-tube manom-
eter is connected to the cylinder as shown. For
h, = 60 mm and & = 100 mm, what is the value
of the applied force, P, acting on the piston? The
weight of the piston is negligible.

ALY,

FIGURE P2.52

For €XK;A}N2(m ) F= )76&44/, Where 7; /s The pressure acting

on p/'sfaﬂ Grnd /4’;, 15 The grea of 7we Piston. Alse,

A _ -
he b gt

or
@: a;?{ I a;‘zd -{'
i (/33 f‘%’f)(ﬁ-/wm) *(?-foﬂ-’%,'f){aowm)
= (2.7 ﬁ{f,
M
Thu;
7

P::[/z.? xlD_”_”. fﬂo7m) 287 N
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.53

2.83 A 6-in-diameter piston is located within a cylinder
which is connected to a }-in.-diameter inclined-tube manometer
as shown in Fig. P2,563.The fluid in the cylinder and the ma-
nometer is oil (specific weight = 59 Ib/ft>). When a weight W
is placed on the top of the cylinder the fluid level in the ma- |
nometer tube rises from point (1) to (2). How heavy is the
weight? Assume that the change in position of the piston is
negligible.

R FIGURE P2.53

Witn piston alene (et pressuve, On face of prston = 4}5? y and
manometer egudvm becomes

-ﬁf - %2 {; Sin 30° = o ()
With  weight added  pressure 7.‘;5 /ncreases o p where
4P":: -P + _t\/i (A-P’V aréla GJC /DJ‘S"IDH)

N & Ap
and manemeter -eju,ézéw becomes

B = ig (& #) 5 020 .
Subtract Eglﬂ) Hroem £g (1) 4 obtain

Bty = 4y G #e) i 5o =

T ML gy [Ea)
Se ﬁtnL
w' / A
_-IT"_-é,_- o = [5'?53) ﬁ_ﬁ)[@l-"-)
T(,—zﬁi
ane
wW = 2,90 /b
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2,54

Ve

2.54 A circular 2-m-diameter gate is located on the sloping side ‘ 1

of a swimming pool. The side of the pool is oriented 60° relative

to the horizontal bottom, and the center of the gate is located hc= 3Im

3 m below the water surface. Determine the magnitude of the \/
water force acting on the gate and the point through which it ‘ c

acts. Zm

60°
Fo = e A =&he A, where b, =3m
Thys,
= k¥ 2
Fe =(9.8 55 )(3m)(# (2m?) = 9%2 ki
Also
J
Txe #

) Y

and cos 30 = l)’/-c- S0 ]l/mf

- he 3m h
%= feav gy T SN I/
Hence, :
IXC Z, 4
- = =25 = @ M
e Y:A (3.6‘6!7:)%(7_,»)"

Thus, the resvltant force acts normal 4o the gate and
0.9723m from the centroid , along the gate.

= 0,0723 m

m

A

2-41




2.55

2.55 A vertical rectangular gate is 8 ft wide
and 10 ft long and weighs 6000 1b. The gate slides
in vertical slots-in the side of a reservoir contain-
ing water. The coefficient of friction between the
slots and the gate is 0.03. Determine the mini-
mum vertical force required to lift the gate when
the water level is 4 ft above the top edge of the
gate.

FR:: 8 -&o A
= (Lz.uﬁ,)(s&)(a’&xwﬁ)

34,400 Ib

"

Fhoriapnh‘
Thus,
N = Fr =39 qo0l)
Z Fvertica] =0
Thus

J

F = booe b+ (0.03)(3?,700 Ib)

= TJ200 Ib

—

4 £t
i
¥ H

Fe Jc_

AE

]( (0.030)=F,

_Ji‘_'
R | Y

V¥ booo b

F. ~ maximum
Lrictional Lovce

Fa force + lift Gate
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2., 56

2.56 A horizontal 2-m-diameter conduit is
half filled with a liquid (SG = 1.6) and is capped
at both ends with plane vertical surfaces. The air
pressure in the conduit above the liquid surface

is 200 kPa. Determine the resultant force of the A~ area of
fluid acting on one of the end caps, and locate ! Lnd
this force relative to the bottom of the conduit. . A
%
F—a{r 2
-_:", T _.__ﬂ:ﬁ =
F;'tsu”:qntqi = ﬁ_a _“,_g&
i ll%nut' 4‘:—
2 A-,_'v avéa .
: ; Coveved by liﬁm'd
-PA' wheye p ts awr pressuve
’ﬂnus, e s
Faiv = (200 2188 2 ) (T) 9 m)" = 2eom 210 N
ll%und ngl A where -%&z ‘%_?T (See'- I:la 1}2:.)
Thus, .
, _ AN ylm)] 1 * 3
ﬁ’.%m.d _(:.L)(?.smom,,)[ BWJ(E](‘{)(QM) = (8.5 x10° N
For F;u'%uu() .
= _Te : = Fq. 218
Ye o v, Where T, = 01098 R (see fiy 218¢)
Oml g. =4, = .Lﬁ?'.
R
T}‘IHS y
oo 01098 (1m) 4 Gm)
Ir ¥ gy < A
[“f fh'm):’ (1)(11" (Qnﬂ)
3
Since F:‘resulhn-l = B+ F:{gu;d & (QOOTr+lo.5')xIDM = (93‘”;'1\/)
we Con sum wmoments abeud 0 + locate vesultant 4o obtain
Frrsull..,,if (d) = a.r (I'M) T "E e (IM_O.SS‘?IM)
Se That

(3.oo'TT:L|DBN)(lm) + (ID.SKIOE.N)(O-‘HDQMB
634 x 103 N

d-:'

= 0.990 m above botam of conduit

2~ 5}




2.57

()

(%)

(3)

2.57 Forms used to make a concrete basement wall are shown in F, |
Fig. P2.57. Each 4-ft-long form is held together by four ties—two -~ T T
at the top and two at the bottom as indicated. Determine the tension {

h.= 51t

in the upper and lower ties. Assume concrete acts as a fluid with

it
ZF;-‘-’O, or E'}E:EQ BFIGURE P2.57
and

ZM=0, or L +hE by, where | =ph=8hA
T hus

7

Fo /50£{%(5;;)(/0H)(4f¥)=3q 000 [b

A/SﬂJ T
by =101 = Yo = loft =y ~(ygy,) = 1oH -h, - 7%
= Jof - sfh - AAD(OHE
St (/101D (4

: =S¥~/ 47H
Ay = 3.33 ft

Thus, from £g. (2):

(9H)F +(I1) F, = (3.33 #) (30,000 18) = 99 900 #4-1s
or

?F; i Fp_ = ?‘2900

Fram Eg.(1), F tF =3g000 I, or F=32000-F,
Thus, from Eq.(3),

9F +30000-F =99 900

on

Fy=87%0lb so that F, =39000/b~8740/b =2/ 2401

f —

a weight of 150 Ib/ft’. |10 i e :
LRkl I j ‘c
; 1
- T_L | 4=qH
Concrete ER /
Form —=l; 10 ft _:;FZ / oy
: Z
|_ wpfl i
P X ot
= width = 4-ff
mhevel 1 ft_j
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2,58

2.58 A structure is attached to the ocean floor as shown in Fig. =mrmmememmmmeer==
P2.58. A 2-m-diameter hatch is located in an inclined wall and
hinged on one edge. Determine the minimum air pressure, p,,
within the container to open the hatch. Neglect the weight of the 1
hatch and friction in the hinge. J_

Alr prasute p;

/,7//////////////////////////// DT
m FIGURE P2.58

:)’{:A L«)}ierc {Cz [0 + .i‘f(z,m).ﬂhjo' 1\”3
= /0,5./)” F‘; _‘7“‘
771:15,
(/9/)(/49 )(M FM)(T)[ZM) PA
= Za3x10°W
% /omfe f:ﬁz
- z ~ /0 N
yR‘ 7 ;"— e 3 5(, w}wre jc- 5’:”‘;:6 + lm = Z1lm
Jo 5
(7)///,") + 2lgw = 4[.0/2 mm
(ZlmXﬂ'){lm) 2
For egﬂ}/iérﬁlm) !
zZ My=o0
5o That

F (2/.0/120m — 20 am) = %ff(?f)f//m)z (1)

end _ (333x1°N)(1.012m)
ﬁ— T (1an)*(lm)

/07 4 R
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2.59

2.59 A long, vertical wall separates seawater
from freshwater. If the seawater stands at a depth
of 7 m, what depth of freshwater is required to
give a zero resultant force on the wall? When the
resultant force is zero will the moment due to the
fluid forces be zero? Explain.

F:n- a tre Y(buH'nu'l. ,(orce

53] ——
Fies = ot L T
STORMINEEES il By
N Tan ]
b’.s ’p‘cs As f Tef ¥ | F_—'a—; Fog
Thus} for a umt lenj'ﬂ« of wall ks g
/‘////////tr/flrl
4N 5
(100 22 (T2 (1) = (23025} (R ) (R0 1)
o That
: 3= i om
Tn ovdey for momen'l_ to be Nero F;?s and FR_;‘ must be collinear.
¢ k. s 3
For FES' yk.: -3_:_:(:+ C ﬁ[IM){qM) + .ﬂ.m = Y LT m
¢ 3 .
feh [ o) (s 4 1)
S:'m;)arlg for Fry!
"—” (l Al m
?R" = o ) *F Z'q_il m = LT %
(22 m) (711 x10m)

77'“45) The dl.sf-unu t) FES -:(rom The botom (Pcn‘ﬁ 0) s
F;r f:é[ ﬂ‘u'.s dl.\'ﬁwce /8

Tms— 4620m = 2.33m .
forces are not Eollinear. No .

Tllawi~ %, Tipms & 232 « The

2 ~5%




2.60

shown in Fig. P2.60. The circular-plate valve fitted in the short
discharge pipe on the tank pivots about its diameter A-4 and is
held shut against the water pressure by a latch at B. Show that the
force on the latch is independent of the supply pressure, p, and the
height of the tank, h.

£/t

e R L I e s o
B
2.60 A pump supplies water under pressure to a large tank as

Pressure P Supply
( r__ik

1

2R
§

Water

MFIGURE P2.60

The pressyre onthe gate js f/?q same
ds it ;foulal be foran aﬁgﬂ tank with a

de};‘hff cbh
a ¥

as ;hawn in the figure.
M=o , or
i (=X )Fe =R Fg

where
o= A = Eh(mR* = (p+¥h)(TR?)
and TR

Ixe -~ y72 Rz

® WNTNA (@i < wg
5
Thus, from Eq.s. (1)and (2)

= Y HYG) - R 3
Fa= = fh = gy (PHITRY

or

Fg = X%R"g ) which is /ha/e/aeﬂdenf of both F and h.
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2.6l

2.6l

weighing 800 Ib is held in place by a horizontal flexible cable
as shown in Fig. P2.6/ Water acts against the gate which is
hinged at point A. Friction in the hinge is negligible. Determine
the tension in the cable. ek

A homogeneous, 4-ft-wide, 8-ft-long rectangular gate

R A

 Water -

B

= She A lhere A,:: (-‘—;-Q-) sih 60°

Jhus,
g, = &2.4 7-%3 )(‘.ﬁ'}(slééo‘)ﬁftx 444)
= 3890 /b
7o locate Fr,
- Ixc + /’
Te = 4 A 7. where Y, =3+
So That

L )Y

= + 3L = 4o FE
(2 ££)(LAXHR)

For e;a}/:'ér}am)
Z-MH =0

d
T (88 )6inds?) = W (35£)(tosto?) + £, (24)

7= (300 1b) (442 ) (tos b0°) + (3590 1) (2 £2)
- (5 Ft ) (sin b0°)

an

—~ /350 lb




2.63

2.63  An area in the form of an isosceles tri-
angle with a base width of 6 ft and an altitude of
8 ft lies in the plane forming one wall of a tank
which contains a liquid having a specific weight
of 79.8 1b/ft’. The side slopes upward making an
angle of 60° with the horizontal. The base of the ‘
triangle is horizontal and the vertex is above the
base. Determine the resultant force the fluid ex- |
erts on the area when the fluid depth is 20 ft above |
the base of the triangular area. Show, with the -

- aid of a sketch, where the center of pressure is
located.

42 B
gc -Cl‘h [’09)#}' é’)"cf bo?
= 40,43 £t
Cénter of

_fc = % Stn bo° Pressure

Fe= &4 A =(19.8 @)@mw Ft) s:n{ooE} (4)(e#t c354)

= 33 o0 U’,
. Ly . o ( 2
{;R + e Where l;c_ z = (644) 5’7%)
4 A
Ths, L o i)
Y, = s + do,¥3 £4 = ot £t

(20.434L)(3)(6 Ftx84t)

[he Arce/ b, acts Through The  copber of pressure which

is located «  distance of ;%:a Fo~ 20,0 6 7 149 Lt
14 0 —_—

a bove The base of The 71‘/‘!’4»;/& es Shown s sketch.

2=57




0.6 4

2.6% Solve Problem 2.63if the isosceles triangle is replaced
with a right triangle having the same base width and altitude as

the isosceles triangle.

Fo = 33’}?00/19
31: 2.4 £+

[See 50/{4#0;, 7Lp
PI"&A/{_’M 2,63 )

— Center of
Pressure

9"

. Lxye
Ll ot 1. 2120
o

Where 2 2
Ixyc. = (éféjv‘i?ﬁ) = 32 ﬁf‘f /5@5 /C:'j‘ o R d)

Gnrd gcz 20,43 f£ [see Solution fo Problew 2.63)

Thus) 5_’2 ':azf’()L L
Xy T e O
R (o3 FE)G) (e teott) s

= 2,07 F£¢

[he aérce/lf'e acts Through The center of pressuve Loy Tu

J
Coordinates )4/2:: 2,07 ft and '_7): oI 4G f [see Jl’e#r-/,),
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Z2.65

2.65 A vertical plane area having the shape
shown in Fig. P2.65is immersed in an oil bath
(specific weight = 8.75 kN/m?). Determine the
magnitude of the resultant force acting on one
side of the area as a result of the oil.

FIGURE P2.&5

Break arveax inte +wo Fwi’: as shown In -Arywe.
For area /| .

Fg! = 3”2:,/4':

o [?.75‘;5—’”%)( if—”)(‘fm X‘fAvf) =290 L¥

For area 2

B Y, M
(575 24 V(40 V(1) [tm ) = 9334w

2
1

F,*t R,= Qe0hv + 9334y = 373 4N

2=59




2,66

| 2.66 A 3-m-wide, 8-m-high rectang,ul.n gate is located at the [T i F =
| end of a rectangular passage that is connected to a large open
tank filled with water as shown in Fig. P2.66. The gate is
hinged at its bottom and held closed by a horizontal force, Fy, h

located at the center of the gate. The maximum value for |

Fj;is 3500 kN. (a) Determine the maximum water depth, h, ;
above the center of the gate that can exist without the gate a0
opening. (b) Is the answer the same if the gate is hinged at the 1

top? Explain your answer.

F.f:r ﬁééﬂ h:nl«';ed at boﬂ'om

B FIGURE P2.66

===
Z My =0
So Thet
0 Yp h=Y,
(/7(/"') FH. = ﬂ- FR (5ee ﬁjsr{) r’)
an
o= YA = (3804 ) () (smatm) b
R
(9.90 x 24 4 )£ e
; 3 o
[j W ) +Yy . IZ (3/:-:%’0") Az h+y4 -y
" 3«‘-'4 - -—ﬂ (‘fmxg’m )
= 5123 I |
Thus,

533 = oy _ 533
Limy= A+t~ (BF+4) = 4~ F]
And +rom Eg. (1)

(4 m) (3500 4n) = @— 253)/ 7.90 x 24 )lh) 4N
So That

==/Az:ﬁl

(Con:c’:)
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2.66 (fdﬂ%)

For Gate h/r;fg@d at Hop

> My =o .
Se That - __:4.;”
(‘//m)/:# = ﬂl F:Q (ﬂ’e f/jare) ) £,
there e P
L= Y- h-4) = (%-fﬁ)-(’k"*) -

= __5_’__3“_-? —+ L4 ﬁf ’jﬂ_" (‘ﬂ.-‘-f)

771"5) From Fg, (1)

(som) (3500.4) = (527 44 ) 2.00329)k) &0

and
’jL = /3.5 m

/V/'ﬂ)f/m“m de.,bﬂr -ﬁor 34{1 Aln?ed at -/—op /8

less Than maeximam depTh For gate hinged at
Yo Hom .

2-6l




£. 07

2.67 A gate having the cross section shown
in Fig. P2.67closes an opening 5 ft wide and 4 ft
hish in a water reservoir. The gate weighs 500 1b
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.

F[-: X’QCI A; where ‘L, = 84+ 244
Thus,
F<loz.y ,T’:i-s )("’H)(SH x 5F¢)
= 15,400 Ib
o locate Fr ,

. Lxc
g’ K;.A.a

where A

o ey

£t

OQ

+25 5 12,54

U‘J.p{

So That
y - L (5it)(sFt)’
/

(r2.5 A )(sFtx SFt)

+ 12,5 Ft

_____ 7 A . .
Water
7
e 7
7
Hinge
- A

Gate

]

B
s s

FIGURE P2.67

NN

T AA.L7

of

Also,
R 4 Wheve Y 3;20 (£t +4£2)
S0 That m
A= Yy, (2A)A) < 24 22, )iz t2) (s e xste) = 11,330 It
F;I- ezu}/:'bmé/m/
Z/L/o:a :
et B ly - %ﬁf) s WI£) = E(L)(3#) — F (4£4)
=
o That
’ (/S}éaa /b)(/?.(.?ﬁt"/o;‘t) + (500 Ib) (1 F4) -ﬁ,rjzga}g)(;f_,ct)
c - 1{_ H =
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2 XA':. /{ Where }’c: -?_‘

(0 N804 £2)

Thus,

%3 (3/(2o00 Ib ) (3F+)
(bz4 L Y1) R)

4 = 5.24%‘&

g
Thus
o Alh«l
EE'* a'20 i )
e b‘H‘zo —1%2(5"7@-&)
Lo /0(-4/&7_ IEJ:_) _L é“ﬁ__)(hv b
o= 75+4 7 Ui iaa”
R T A ¢ 2 (442h)
2 h
o4 egu';/.'énzim)
Z M, =
Ed = (3£ where A= A3 .
Se ﬂaé
p (200018 ) (3£
2 =

2.68  The massless, 4-ft-wide gate shown in Fig. P2.68 piv- e EEEEEL
ots about the frictionless hinge O. It is held in place by the 2000 Water
Ib counterweight, W. Determine the water depth, A. )
T
: . \
‘ Width = 4 ft
_{ 2ft
~——3 ft ——
= 3
W
P2.68
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2.9

*2.69 A 200-lb homogeneous gate of 10-ft.

width and 5-ft length is hinged at point A and %7 T~

held in place by a 12-ft-long brace as shown in = Sls Wy

Fig. P2.69. As the bottom of the brace is moved Q= 5t A\ 12ft =L Moveable
to the right, the water level remains at the top of Water ey
the gate. The line of action of the force that the ‘\“\\\\ |
brace exerts on the gate is along the brace. (a) A R R R R R \Q‘(\\\\\\ R

Plot the magnitude of the force exerted on the
gate by the brace as a function of the angle of
the gate, 6, for 0 = 6 = 90°. (b) Repeat the
calculations for the case in which the weight of'
the gate is negligible. Comment on the results as-
0— 0.

FIGURE P2.t9

a) For The /rae- J:oa/y -aflkymm of The
gate (see fygure), |

Zz F,; =0 l

l

Jo ﬂmf
i(%) + W (% cose) = (B tos$)[Lsi o) + (Fys5ind)(fease) ¢1)

/4/50, . !
,g s =L sin ¢ (assuming hinge apd end of
brace at sqme eltvation)

oy N
S/ih B

~le

Sin ¢ =

and

E-vb A~ v (*22)(0u)
wheve w 15 The 3a£e wid?h 771&(5, Ff.fU Can be wnb‘f’q as

3
X(Z'g)(s,”g)” + W_é Cos6 = Fé,?(fa.sqﬁ.s;hé‘-f—s:é ¢CO.§9) !

So  Tha? 92 i .

3 wr |

El (X’f’ w-).S/mQ + q'/'?/ cos & (X_‘;—‘) tan6 + % :

B~ - = (2) |
Coscp Sin6 + Sin cos 6 . Cos b tan & + Sind

For  Y=ez.4 b/R>, L=5#, w=/ott, and W = 200/b
_ [52»4‘,%3)(57‘15)2//0;‘:) fing » 222 n
i &

2boo *anb + 100

- 3

8 .
G T i T g b v g

(cont) ]
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*2.69 (Canjt )

Since Sin ¢ o Sind gnd L= .S‘ffj L=1/2

.any( =
and tor a gwtn &, @ Gn be determined. Thus, Eg.(2)
Cun be ased 7 43#:’!‘)”/';74 f-; /;r 4 'jf./g,, o .

&
L
&
T

S/h &

(b) Fop 5)/(/2'0} EZ./-—D’) reduces to

Fp, = Zéoo Fan & /%)
Cosd tanB +s5ind

and £9I[4) can be used +o determine Fé fr a
?“/fﬂ 9- Tdéula'}ed ddfé dﬁ /’_'é ¥'S. 5 1[;}“

Gtn D =200lb ana W0 b dare givens below.

0,deg  Fg, Ib (W =2001b) Fg, Ib(W =0 Ib)

90.0 2843 2843
85.0 2745 2736
80.0 2651 2633
75.0 2563 " 2538
70.0 2480 2445
65.0 2403 2360
60.0 2332 2282
55.0 2269 2210
50.0 2213 2144
45.0 2165 2085
40.0 2125 2032
35.0 2094 1985
30.0 2075 1945
25.0 2069 1911
20.0 2083 1884
15.0 2130 1863
10.0 2250 1847

5.0 2646 1838

2.0 3858 1836

y/ 3 plof o 7{71€ data 3 qfl)en on The
:ﬂu//awxhj PAFE.

(CM 2')
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269

Force, Ib

| | N — | == _
BOD e | S S SR S JI

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 800 9n
Theta, deg

(b) (coni)

As %0 e yalye of s Can be  debermined trom Ez.(.*-j/

F = 2 60D éﬂﬂ &
e -
Cos ¢ +an6 ¢singd

Since

1F follows That
cosp= V 1- sinp = V- (2516

and There bre

) oo 7anb 2600
55 =

- [ENE_x2p" Zq i
V/ 6—2) 5108 Fanb TS Sme %6{);/129 +Tf-’:‘-'”‘9

Thusl 4s 6o

2600
— = [Pk Jb
67 .z g
/

/‘?/70/5157//7 This  result means That  for 820, The value o b B
IS Indeterminate but b an

/

will approach /%o /b,

y foﬂ Smal! " Vp/ue a/ 9/ I
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2. TH

2.7D

An open tank has a vertical partition and on one side
contains gasoline with a density p = 700 kg/m’ at a depth of
4 m, as shown in Fig. P2.70. A rectangular gate that is 4 m high
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, A, will the gate start to open?

BFIGURE P2.70

EF
i A G e 3
ij-—}é cg--13 ' Eﬁ;rgq E
W heve 9 refers o 3asalme. ) 9 | 4
e \l/-HI
oy (0o )40 2)em) (o m) 1,
i Hox!osN = [foRN
ka.ﬁ BL-'ﬂﬂw A
wheve W velers +o watker .
- 3N/ h
R = (?.Roxlo;—a)(i)hmxh)
Where h 1s  deptn of waker.
3
Re = (.80 x10°) A
k'-. . .
Por \e%u}hbrmm !
ZZ'PWH g
o 'fha;&
' -
F‘szw.: Fpa-ﬁj w )t 'szié and ﬂg"f;m
; 2 3
Thus, (9.80x 103)(W)(2) = Grox18°N) (4 m)
And h= 3.55m

Whieh 15 The limihing value v b
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2.7

Thus,

2.71 A 4-ft by 3-ft massless rectangular gate is used to close
the end of the water tank shown in Fig. P2.7). A 200 Ib weight
attached to the arm of the gate at a distance ¢ from the friction-
less hinge is just sufficient to keep the gate closed when the
water depth is 2 ft, that is, when the water fills the semicircular
lower portion of the tank. If the water were deeper the gate
would open. Determine the distance €.

BFIGURE P2.71

FR:b’J”cA L heve !'\Cz 1= (5ae F\é.z-‘g)

. P
7
Eé‘:

Fe= %, { R H(EE)

N ﬁz'q I_ti)( 33:&9( rr_%_{t)z)

éeQT
‘:

= 333 [}, _yi ? ik
To locate Fa, L i(_i_

- Txe . FR
R gon +H¢$ i

= O.1098 R -+ 4R (59. Fig 2.18) 0=1ft 3;&

R (rrp.’-) 3T
= (o. loqs)(zm LY (266 _ | 175 £t
(q (2 f+) n-(z.,C-L-) 3m
2,

/:oY egu-cl I.blfj 'um

z l\ql_]_:O
JSo 'nlu.'}:

Wl = 5 (Ve + ye)

tnd
”,Q" (33z31b) (1 FE+ LN FE) — 3 13 {4
- 200 lb

)
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2.72 A rectangular gate that is 2 m wide is
located in the vertical wall of a tank containing
water as shown in Fig. P2.72. It is desired to have
the gate open automatically when the depth of
water above the top of the gate reaches 10 m. (a)
At what distance, d, should the frictionless hor-
izontal shaft be located? (b) What is the magni-
tude of the force on the gate when it opens?

[~

/ Yo Yg

[TL]

»h

FIGURE P2.72.

(@) Rs depth increases the center of pressuve tnoves toward The centrold
of the gate . If we |ecate hihge at when depth = [pom +d
The gate will open automatically for any further increase in d’e/:m
Since,

7!' (erm (‘!-/m 4
gﬂz X +;fc = - ) ) + 1dem = 132.)m
fe A (12.m )(2m X 4 )
+then
d = yﬁz‘._ 1Om = 12.01lom - 10m = 3. 11 o3
(b) Fer The depTh shown,
= = N
"}:é" é”gc.’q = (?.30/{'-_”,3 )(lﬁnn)(a:bmx "Mv«) = gy) AN
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2.73

2.73 A thin 4-ft-wide, right-angle gate with negligible mass _
is free to pivot about a frictionless hinge at point O, as shown et
in Fig. P2.73. The horizontal portion of the gate covers a 1-ft-
diameter drain pipe which contains air at atmospheric pressure.
Determine the minimum water depth, A, at which the gate will
pivot to allow water to flow into the pipe.

Right-angle gate

Hinge

@ FIGURE P2.73

o

For ega;/t brium

Z/v]o =0 —— :-c——-——.F'R‘
F)'Exﬂ! :EQXJZ (1) A : \J,,:Rz-
-5
] _L _c)_:;,.;' r—— z z -]
2
521: b’lﬂclA-, o,

fes
= (Lzy L)(2) (w5t xh) f
= 25 h"
Bor The lore on tne horfaont':al portion of The galke

(whieh 15 balanced by pressure on bt sides except
Lor the area of the pipe)

s Yh(Z)1#) = Gaw 2)0)(T)(182)

= 49.0h
Thus, frem £Eq (1) wit ,ﬂl-‘-jg}i and L, = 3 {4

C25 43 )(L) = (496 4)(342)
h= 188 #
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2. 7%

2.74  An open rectangular tank is 2 m wide
and 4 m long. The tank contains water to a depth
of 2 m and oil (§G = 0.8) on top of the water
to a depth of 1 m. Determine the magnitude and
location of the resultant fluid force acting on one
end of the tank.

e/ =

Use The concept of The presSuye
Pm'sm: (sec Frgure)

F-J?I:d“lﬂﬁ‘-iA’

s
1
»
3

S0 That :
By = (0.8)(7.81 Z5 2 ) im i 2m) =}
= T7.85 4N let tr~ tw.d'ﬂv = Aom

F,;z= -f;A,_ wWhere A Is pressure ot depth h, . Thus,

Ryl A) (4xer) =(0,8)(7 31%{ Nim)2mxzm) = 31.44n
Aso,
F‘és: c)’ ’£¢:3 A3 So That

Hz0
Ror= Uy (B2 )(hxwr) = (7.00 28 N2 ) (20 s2m) = 37.2 L

Thus,
Fo™ it Fey tFhoy = T.85AN + 314 AN + 39.2 bN = 18.54N

Jo locate /g Sum meoments aveund axis fhraayb O, 50 That

l

Rz 72
where dy 25 distapce v Fo. Since Ry F;'h):md Foy act 771:'0«:7);
The Centresds of Therr respective pressuve prisms it fellows Thad

ij: —g(b’ﬂ)

anHd ,C,.‘M E?_(U
(7.8540)(3) (1) +(3).4hu)(2m) + (392 4w )(1m+ 427)

785 &N

Fﬁa‘; ﬁ‘;lc{,-f-rd T oy d3 (1)

J dy = !M'I'/M"-sz) d3‘-'fm+—2§(2ﬂ~)

-
-

il

2.03 m (below oil Free Sgr,[ﬂfc)

2=-7i




:?__E_‘ (Con?)
*2.75  Anopen rectangular settling tank contains a liquid 2.0 23
suspension that at a given time has a specific weight that varies 24 12.7
approximately with depth according to the following data: 2.8 12,9
3.2 13.0
3.6 13.1
h (m) v (kN/ m:!) e
0 10.0

0.4 10.1 The depth h = 0 corresponds to the free surface. By means

0.8 10.2 of numerical integration, determine the magnitude and lo-

1.2 10.6 cation of the resultant force that the liquid suspension ex-

1.6 113 erts on a vertical wall of the tank that is 6 m wide. The depth

The magnitude of  The Ky borce
Can be found by Summing The

of fluid in the tank is 3.6 m.

force 2,
di FHfeventeay

T

([ LLLTTTT77,
Tag

Iz
e

forvees a.c/wb? on The
b The #r'yure. Thus)

# H
A / dE = | f 4 dh
0 o
Where P s The pressure at deply .

o fond P we use Eg. 2.4
d
;g--—k

han7a}9fv/ strip  showns

(/)

gnd wit dz=-dk
i)

E 161 €2) Can ke Iinteqraled numevical) Usins The
j“ 7 o 3 e/

w
I.. 1 [.Z_/Z'*jc'ﬂ )(KL.-*.I‘- x;‘)

and pn = n=MIm be a;(‘ d’w/z{ r!D«.?/f.ff?’
butwn 1s j)f/‘?n below,

%
¥ di

‘2 )

FAFeam -A{a/ /L{/f, ¢, iy

Where Yo ¥ xa s

/he Pressure distv,

h, m ¥, KN'm*3  Pressure, kPa
0 10.0 0
0.4 10.1 4.02
0.8 10.2 8.08
1.2 10.6 12.24
1.6 11.3 16.62
2.0 123 21.34
2.4 12.7 26.34
2.8 12.9 31.46
3.2 13.0 36.64
36 134 41.86 /
-
(con)

=1L




‘ZiJ (Coﬂit ;

Eg'aa,yLm‘n (/) Can now be ml-n‘f?jrgh'/ Numer: ;4//3
L(J/r;_g e 'f'fﬁPe?W'a’ef rule with Y~ P and 2 ool o
The apprex jmate Value of The " igtegm) is 707 22

7-/7”5) wilh £
S pdh = 7107 ba
o -~

K= /6,»-)(7/.07%’) = Y24 AN

/s /oa#e Fé Sum momenits about axic formed by Inkersectiony of
vertical wall and Hard Surface, Thus,

H .
g —fﬁ = !:ff: b d4h (3)
The inteqrand /7;3, Can now he determined and
/
/S Tabulated belol.

h, m Pressure, kPa h *p, kN/m

0 0 0.00
0.4 4.02 1.61
0.8 8.08 6.46
1.2 12.24 14.69
1.6 16.62 26.59
2.0 21.34 42.68
24 26.34 63.22
2.8 31.46 88.09
3.2 36.64 117.25
3.6 41.86 150.70

waAion [3) can now be iategrateq numerically

i?-f/;?j '7776 ’f'?’d/-’eﬁa}da/ i"ulg Lu;'f‘h_ jfu lq.p anad ¥~ I’)

The q/)prox/md-c Value of 7he /h%fgrn/ e 1749 %@/V.

: ”
Thys, wiTh f"“’dﬁ: 744 Ay
0

I Fellows  Prem Eg, (3) Thaet

& fﬁifﬂt (m)(17% 4 44)
’f = ‘ = : = 2. %4 m
=

R = “26 4N

The rvesultant force acts Z8h s bolis Lot Surface




2.76

2.76 The closed vessel of Fig. P2.74 contains
water with an air pressure of 10 psi at the water
surface. One side of the vessel contains a spout
that is closed by a 6-in.-diameter circular gate that
is hinged along one side as illustrated. The hor-
izontal axis of the hinge is located 10 ft below the

6-in. diameter

AT ILSSSLS LIS LTSS LI SIS,

water surface. Determine the minimum torque G
that must be applied at the hinge to hold the gate 3N
shut. Neglect the weight of the gate and friction 4
at the hinge.
FIGURE P2.76
=% s .
t ~
le ¢ R~ ér:e due 4o ai loft ~
~ /t ub
pressare, and F ~ forre due ,L e H
Fo hydrestatic pressuve chstri bution 5 3\/0
of water. ¢ L)) &
) £
Thus ' <
) L ) b fn," ™ /6 2 E
= fyh = lo z‘h.‘)(‘wft": )(‘q) T;_-Ft) : 3'\? §
= 183 Ib
Qnel
3 s
F=¥h A whee ko= loft +% [l;- )(,—i)#]—" 10,15 £
so That
. Lb A
F, = (&2,4 _Fta){lo.lg‘f't)(’.{){‘_i &) — a2k /b
A!Sa)
= IXC - 10 -pll:
dr2 ﬂ_ *y where o P - + l:!. (Jiz Ft) = [L92 5t
th 3 ‘
So at
3 ¥
. (T)Nw ) :
- % o 1b. 92 £ = iL.9242

Gen ATV ERT
For egu': b rium,

2. M, =e

jo £+
“d =B By v R (G- 5 )
5
or

C = (293 /A)/Tf;_{t) + (124l )(16.92 £ - ?—g—’c-t) = Joz £t-lb.

z
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2.77 A 4-ft-1all, 8-in.-wide concrete (150 1b/ft’) retaining wall is
built as shown in Fig. P2.77. During a heavy rain, water fills the
space between the wall and the earth behind it to a depth h. Deter-
mine the maximum depth of water possible without the wall tipping
over. The wall simply rests on the ground without being anchored
to it,

BFIGURE P2.77

For equilibpivm,
Z Mﬂ i 03 24
W LF =(%in)W, where with L=wall length, —l .......

W= onerete V = (5080 (B L <9002 15| |40,
and kT h
Fo=fsA=8h A =(6248) (4)Lh=3)2. &H.

F

A’SU ﬂ
B Fy

£= 2 -(pv) =4 - 2% 5

_h__!_z'_’_-.ﬁf-h h _ h K

"2 (hyh T2 T3
Thus, Eq(l) becomes
b (31,20 h2) = & (4o01)

or
h: 213#‘#
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*Z2.78

A

*2.78 Water backs up behind a concrete dam
as shown in Fig. P2.78. Leakage under the foun-
dation gives a pressure distribution under the dam
as indicated. If the water depth, A, is too great,
the dam will topple over about its toe (point A).
For the dimensions given, determine the maxi-
mum water depth for the following widths of the
dam: € = 20, 30. 40, 50, and 60 ft. Base your
analysis on a unit length of the dam. The specific
weight of the concrete is 150 Ib/ft’.

shewn in The -frgwc at The w’g}rt) Where .

FIGURE P2.78

Free- Lodg- diagmm ayc the daw Is

Fi-_- \0)_;,9"1 | (kv unit jenjfu)

ow = ¥, (£)(0)(%) = 4ok §

K= (B’~ﬁ+ Z‘ET)Q Ys
ey (R)(3n) e s
4 3 1, $(32,)
To determine Yy Consider The pressuve dishulubon on e bolfosst
i —~ Fr= X-&TAX
{T il

2
£ %’ (a'ﬂr)ﬂ

5ummm5 moments abeut A,
Ry, &)« £ (39)

(C‘aﬂ"é)
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2.78 (con't )

Frl(%)+ Fe (22)

5

L.qure E:Fi_r%, SQAS)LJ")“M;IO;! o;f ex;:rf'SSmﬁ,s ﬁr F‘i— q”d% g,rle/,é

ye L0 2E w20 )
"E—'f”g.T
Fov egu}/i}mbm of The dam, ZMy=0 so het

2
i 9 - ‘W(g’ﬂ) o 1, +R 95 =0
and with ¥=62.4 W/ft>, ¥y = 150 L/f23 any £ =10t Then :

F=3l24* W= ¢oppl K= 322 T 22

Sm@ 4 Sin®

Fa: 352 (‘ﬁflo)/g i®» (/o 3 A - (24h+10)2
—21"2-7' 3(4 +10)

5&!557":-')(;:.{‘10-1 oﬁ 'fhese eJ(PresSn.)u nto E‘z_u) fﬁelds)
(32 4202 ) ~ feman) (2g) - (322 )(!0/3)

Sime ‘\ siune

+ [31.2 [£‘+'°)’Q][—,-(?f:,’:;£ =0

Which can be .5/;):;:/:'7484/ +o

3
2L+ 20944 - 3996 0%~ 10,400 - 4
Sin"@

Thus for a ?wtu f & Can be detevmined Ffrom tThe
cvndrffon 47!15 ?0/,2 and Eg (2) solved fov h

tey deplhs
; The dam widths s ec:(xPJ The maximum wa
5;-0*6' jlﬂ'ﬂ below . Note P77laf fo)’ The +uwo /drge.st darn

widlhs The water would ovevflow The dam betore 1t would
+Fopple .

Dam width, ¢, ft Maximum depth, h, ft

20 48.2
30 61.1
40 71.8
50 81.1
60 89.1

ar)

&3
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2.79

2.79 (See Fluids in the News article titled “The Three Gorges
Dam,” Section 2.8.) (a) Determine the horizontal hydrostatic force
on the 2309-m-long Three Gorges Dam when the average depth of
the water against it is 175 m. (b) If all of the 6.4 billion people on
Earth were to push horizontally against the Three Gorges Dam,
could they generate enough force to hold it in place? Support your
answer with appropriate calculations.

() F;‘:. }’hCA = (q,yoxjogﬁa)(lli—i")(l"ﬁmx 2’30‘?1111)

= 3.4 xi0"N

'y
3 UL xi0 v
LY x10%

.k )
= 54 1 person ('2-2 PQYSOn)

\(85. It s \IYa\b at € nough 'f-‘brce Could be genera,—éf'd

Since Vezufred averaqe force per person is Y‘elaJ-u‘vo_{b
Small.

(LY Re%m'real Qve rage -&rce per person=




2.81 A 2-ft-diameter hemispherical plexiglass “bubble” is to be
used as a special window on the side of an above-ground swimming .

pool. The window is to be bolted onto the vertical wall of the pool "g""""'
and faces outward, covering a 2-ft-diameter opening in the wall.
The center of the opening is 4 ft below the surface. Determine the
horizontal and vertical components of the force of the water on the

hemisphere. hc - "IL H‘

? N

H ¢)—L
ZF;(:O; WEI:EQ:ﬁﬁ 71H
Thys,

Py =0hA=62.4L (et Z2ty = 784 (to right) R
and F
SF;‘OJ W‘F&:W:b‘ﬂ/:d’%”RB‘/ZJ _R_,_ lwéfﬂ
where R =]+ Y |
Lx ¥y
Thus,

F, = 62445 (4T (1P /%) = 13118 (down on bubble)
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2.82

2.82 Two round, open tanks containing the same type of fluid rest

on a table top as shown in Fig. P2.82. They have the same bottom weight, of ligud supported
area, A, but different shapes. When the depth, A, of the liquid in by /nclinea walls
the two tanks is the same, the pressure force of the liquids on the \ [ l /

bottom of the two tanks is the same. However, the force that the
table exerts on the two tanks is different because the weight in each
of the tanks is different. How do you account for this apparent
paradox?

Area = A
BFrFIGURE P2.82

For 7he Fank wilh 7The 1mclined walls, The pressurve on e
botom is Gue # The weight of The /:z'méf /n The Column
clirectly  above The bokom 4s  shown by The dashed lires i
The Figure . This is The same weignt 45 That for The tank
wila The stvaight sides . Tn us, The Pressure on Te bokons

of The Hwo tunks 15 The same. The add,beps) loerght
/5.7716 tank Wity the i1hclineq toalls 15 5uppori'€d by The
Inclined wnlls , 45 ;]lustrated 14 The Figure .
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2.83

2.83  Two hemispherical shells are bolted together as shown
in Fig. P2.83. The resulting spherical container, which weighs
300 1b, is filled with mercury and supported by a cable as shown.
The container is vented at the top. If eight bolts are symmetri-
cally located around the circumference, what is the vertical

force that each bolt must carry?

Sphere diameter = 3 ft

FZ ~ Jorce in one bolt
pm )Drg_csure 4t m:a’-dene
A~ apres at m:c/-plqne.

W' ~ weight of mercury In bottem half
Hi  of shell

W, ~ weight of hbottom half of shell

For egw'/férfumJ
Zﬁ?rﬁca/ =
Thys,
85: ﬁ/) “f'Wg_;‘f'Ws

= B (3)F0) « BFNEDY+ £ oo

) e o 2)5)E ) o

R = /870 |,
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2.84

2.84 The 18-ft-long gate of Fig. P2.84is a

quarter circle and is hinged at H. Determine the
horizontal force, P, required to hold the gate in
place. Neglect friction at the hinge and the weight
of the gate.

For eguilibrium (from  free- body - diagram "
of Fluid mass), i % l

2—F— - 3' .
v

G=h= Ve, M

= b2.4 2, ) B ) ertnrrs2)

Simi larly 3

]

20, 200 /b

15 2
(¢2.4 723 )_[7{(6&),( I?Fﬂﬂlﬂao!b

ZF-L’ =9
Se 'fhaf-
FV: W = X” X (Vﬂ/ume of f/u:g) =
20
A!_{G} x. - #(‘&) feed —€ H— (See F.;g' :\'.jff)
' ar T
a"d \’jf . .6_‘;“# = Z'Ff

For e;m‘/:'ér/ifm ( From free-body~diagum sf gqate)
3 M,

so That
Plest) = F (g)+ R lx)

b4
(Qa)zoo U’)(Z-FtJ -+ (3/_,30015)('7"1- £t)
. ¢ £4

oF

= 20,200 b
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2.85

2.85  The air pressure in the top of the two liter pop bottle
shown in Video ¥2,5and Fig. P2.85is 40 psi, and the pop depth
is 10 in. The bottom of the bottle has an irregular shape with a o
diameter of 4.3 in. (a) If the bottle cap has a diameter of 1 in.
what is magnitude of the axial force required to hold the cap S —
in place? (b) Determine the force needed to secure the bottom
2 inches of the bottle to its cylindrical sides. For this calcula-
tion assume the effect of the weight of the pop is negligible. (c) 12in. |
By how much does the weight of the pop increase the pressure 10 in.
2 inches above the bottom? Assume the pop has the same spe-
cific weight as that of water.

1 in. diameter

Pair = 40 psi

4.3 in. diameter

(@) /ga/o: 7%/} X /4red. (4& )( )Gl'n,)l = 34 1b

(b) 2 F

€4|c~l
Fﬂ e F ( ressuve (@ Zin. above KEUHDWD
d i X (Bvea) F;i'das
I
S A1CET S S LI

= 581 b

bettom
(¢) ’P:*Pm.r-\' ¥ h

M 10
1b Lb
L+D [ 2 + O-zgq l'nlz,

n,

Thus | The incresse in pressure due Jo weight = 0289 psL
(u)\mch is  less T™au |0, of air wessuve).
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2.86

2.86 Hoover Dam (see Video 2.4 is the highest arch-
gravily type of dam in the United States. A cross section of the
dam is shown in Fig. P2.86(a). The walls of the canyon in which
the dam is located are sloped, and just upstream of the dam the
vertical' plane shown in Figure P2.96(h) approximately repre-
sents the cross section of the water acting on the dam. Use this
vertical cross section to estimate the resultant horizontal force
of the water on the dam, and show where this force acts,

‘‘‘‘‘‘

sl o _ r-—ssog;———-‘_

@ FIGURE P2.9%

5@22 Avex Into gparv's as shown.
For area | -

b = dh A= /ézz,c 7#23 )(—g) f 7/5&)/—2() /zqs-,ﬁé)[m‘ﬁ‘)
= AJ—’—? X/Dq /é
For are 3 @3'; E‘?} = [57x0" b

For Qrea 2.
Fe,> 5h, A = Loy L)L) (s Maw 4)(71542)
= 403 x/07 I}
Thus,
S 7 +Fz.?ﬁ/7_ej= ISTXDTI + 443317y + L5700 s
777 x 107 14

Since  The noment of The Vesuldant force Glhout The base
of The dam must be €gual # The momenis due To

F/—i,) Fr, = and /Z;ej/ 1+ follows That
(con't)

N

/

=84



=198 | (e %)

Bxdh /;7{)6/5762’:) * szfg)ﬁ/g%z‘)f 7 @)(715%1‘)

a: = (/.57x10" 15 )[‘5‘) {7’5#)’“/4- ‘3“0‘2@/3{)(7*?@ + //.57)(10"/;)@2-)/7/5#)
777 x107 /b

= 4ol +E

Thus, The resulfant horgontal dovce on The dam 13

777)(/0?/5 acting 4ok Lp f!;m The base
of The dam alons The axis of symmetry of The aréa.
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2.87

2.87 A plug in the bottom of a pressurized
tank is conical in shape as shown in Fig. P2.87,
The air pressure is 40 kPa and the liquid in the
tank has a specific weight of 27 kN/m?®. Determine
the magnitude, direction, and line of action of
the force exerted on the curved surface of the
cone within the tank due to the 40 kPa pressure
and the liquid.

For ezu.-"/flmlrm F
f FVfi’é‘lcal A
So ‘ﬂnm’:
F; : .’pair A + W
where F, the force the (one exerts

of The fluid.
Also,

Pa.c'k A

Is

" (401@.&)(1:)(‘:!’) )

= (40&&)(%')(/,/55””)- 4.9 N

and

qw=k[%¢%m>—¥@ﬁwﬂ

Xﬂd‘[ ‘—}:{]

3 pA

- -

|

Ui

Thus)

F = 4.9 &~V + 15 44N

ﬂe_ -Ca rie
15 directed verticall,

The cone

on

and
anecel

has a

FIGURE P2.87

focr A d

|

A —

gt

A —'rl
4
fan 30°= _.I’.'..
d= ,?,‘{:m: 30"—' 1.155 rm
volume of cone = ?(%)f’)

("””%)(W)(ussm)i (2m) = 75¢ by

= 117 AN

mejn:-rluclg ok 17 &N

downwared a/on7 The Cone axis.
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2.88

2.88 The homogeneous gate shown in Fig. P2.88 consists of one
quarter of a circular cylinder and is used to maintain a water depth
of 4 m. That is, when the water depth exceeds 4 m, the gate opens
slightly and lets the water flow under it. Determine the weight of
the gate per meter of length.

Consider the free bedy djagram: o f
the gafe and a portion of the water as<hown.

gate T )
ZM{):O 4y Or Wld{}]:/m FV

(y LW hW - byhy - B by=0, where = -
() Fy=0hA=9.8x10 J5asm)(Im)(Im) = 343 kN

since for the vertical sids, b, = %m~—0Sm =3.5m

Also, %
(3 F, =0h,A = 9.6x/0 75 (4m)(Im)(Im) = 39,2 ki

Also,

3N

W =EUmP = F(Fam*) (Im) = 98x0% [ - Z Tn= 2,10 k¥

sy Mow, 24:0,5,;; and

#y=Y,) = 0.6m + —C =g, + ELM1mY_
L £y = 0.5m tjp-Ye)=0.5m+ g =05p + ST
7 and Ly=Im-4& -, iml o 0.574m
To determine 4, consider a um? sgyare that
consits of a quarier circle and 1he remainder |
as<hown ip+he Figure. The centroids of aress —
0) and & are as indcated. @C ‘[
Thus % o
J ‘___l
_4vp . ; '3
(0:5 ﬁ)ﬁz" (0'5 oél.)ﬂ,r 3T 'I@Arc’l&
— |
(con't) 0.5-,

Z-87
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2.98 [Ccon®
so that with A, =—g‘(/)2 = % and ) ﬁl-g Hyrs 9/}/&r
(0.5- 50T =(0.5-4)(1-2)

or
(8) J =0223m

Hence, by combining Egs (1) throvgh (8):
(0.576m)W +(0.223m) (2.40 kN) = (3%.3kN) (0.524pm) - (39.2kN) (0.5m) =0

ol
W= 644 kN
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<89

2.89 The concrete (specific weight = 150 .
Ib/ft’) seawall of Fig. P2.89 has a curved surface Seawater
and restrains seawater at a depth of 24 ft. The

|
. 5 y = 0.222
trace of the surface is a parabola as illustrated.

Determine the moment of the fluid force (per unit L

length) with respect to an axis through the toe ¥

(point A). 8 :

| T

= 15 ft J,
FIGURE P2.89

The components of The fluid force acting
®©n The wall are £ and W as shown
on The #/ng wﬁere

E=¥hA = (Mo s A2 ) 2u bt v 124)
= 8400 U and Y = ‘”‘# = PH

Alse,

W=+

7o determine ¥ #ind area BCD, Thas,

(see figure +o rignt) %,

KO
14:/(_23_3)‘{,( =/ﬁ?lf—g'gx1)f/x
(2 o xozm

%
7
Z)
/)
s
v
/
7
2

37 %o
[26‘-)( - 0.%_’( ]:) (/Vavle.' All lengThs 1 £t )
and wi7h X, = Vizo ) A = 175 -Ffz So That

Y= A x| FE o= 175 £13
Cam d = (L%a ;'/';3)(1’757[2‘3) = /[, 200 Ib
To locate centrojd of x/-" : i . .
XA = /::JA = [ (241 ) % dx =/(J¥x-0f2x3)</x B =
; |
: /2 ( iz‘,)"’_ 6.2 (Vizs) |

_xc. = T, S = 4.1 £
Ry 25

gnd

Thus,
My = Y =W (5= %)
(/g Yoo Ib ) 8+£) = (7], 200 Ib) (15 £4-%i ££) = 2 5 200 ,cg./;;) ‘

h

1l
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.90

2.90  Acylindrical tank with its axis horizontal
has a diameter of 2.0 m and a length of 4.0 m.
The ends of the tank are vertical planes. A ver-
tical, 0.1-m-diameter pipe is connected to the top
of the tank. The tank and the pipe are filled with
ethyl alcohol to a level of 1.5 m above the top of
the tank. Determine the resultant force of the
alcohol on one end of the tank and show where
it acts.

——

/.5‘,,,

.

Fk:a’rgcA 2.'001

Wheve
So Tha ?

) :(7,74%‘: )(2.5m)( T )2.0m) = 40,2 4¥

Also,

Where

Thus, 7he resultan? force has a magnitude of _60.84W
Gnd acts at a distance of %-4.

below

Je

»ﬁc= L S5m+t [ om = 25m ]

P
R’ ga T

170:: Jo Thal
T (lm)?

n

= — 7 + 2.5

[g.b_mn )(l‘f)[z,m)“

center of Fank end wall.

Centrold |
&
Fe T
gf.‘.‘_ ch.
Center
of pressure
2.b0 m

R lbom ~A.50m = O./00m |

2-90




2.91

2.91 If the tank ends in Problem 2.40 are
hemispherical, what is the magnitude of the re-
- sultant horizontal force of the alcohol on one of

the curved ends?

For €£ur'/a'$r/a}n "

F/é = ;:;,,// {5191.' -fr:jure)
= Lo §AN

ijnre Solution for }Ior/'jom[v/ torce
Same gs  for Problen ?.‘?‘D)-

®

Ferely

Rl
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.92

2.92 An open tank containing water has a bulge in its vertical
side that is semicircular in shape as shown in Fig. P2.92. Deter-

mine the horizontal and vertical components of the force that
the water exerts on the bul

of the bulge.

ge. Base your analysis on a 1-ft length

BFIGURE P24q2

FH_ ~ horrjml-al Evee of wall on Lluia

FV w vertical force of wall on Fluid F l{% Fy
— <
%: b,[.‘(-,_,,0 _tlp/ ro
=2y ft)( TER (i #)
=92 1)

F=¥ A = (EL?%J(LFL +3$&)(éﬂ:xl¥’£)
= 33701
For e%a'-“&rfum} F,=w = 8821 d)

and F;ff:a: 3370Ib<

The force The water exerts on The bulge s

650}:/ +D} bu £ oppesite 1n direction o F, and
54 abeye. Th“SJ

(F‘*)wlt = 3370|p —>
() )y = 832 IL;_L_

2-92




2.93

2.93 A closed tank is filled with water and has a 4-ft- i
diameter hemispherical dome as shown in Fig. P2.92 A U-tube
manometer is connected to the tank. Determine the vertical
force of the water on the dome if the differential manometer
reading is 7 ft and the air pressure at the upper end of the ma-
nometer is 12.6 psi.

A-ft diameter —F K

Water —L

i |l — Gage
T. | — fluid
|(SG =3.0)

RE P2.93

v . F’
For e;m/iérmm} :
Z =0 ‘L%
So 771«.*— T
$ A
F;: 'PA' - (1)

Wheve Fy 15 The Horce The dome exerts on The Fliyid

and P Js The water Pressuve at The hase of The dome
Frem 7The manometer,

% + Tt (7#) - &, , (4#)

Vfrhéa/

Je Trhat
P:/xzéﬁ’_;)ﬁwgﬁ) t o)y ) 1 #)- L2yt 2)6H)
= 2 ¥80 ;}'3,-,_

Thus, From £4.0/) wih  volume of sphere = :g‘éjmm{éfrJ‘S

Fo= (2550 2. ) () 4£t)" — 3’[1[ W)]Kéz#

= 35 /o0 Ib

The ogrte Thot The vertical dorce That The Wwater
exerts on The dome /s 367/00/6 /r, A

2~93



2.94

2.94 A 3-m-diameter open cylindrical tank B ]
i . - S e e

contains water and has a hemispherical bottom T |

as shown in Fig. P2.94 Determine the magni-

tude, line of action, and direction of the force of

the water on the curved bottom.

—3 m—=
BFIGURE P2.24

Force = weight of water supported by hemispherical botor
B;'zolj(w'/umt of C'lffmifer )-—- {Uolqmg aﬁ Aem-._sphere)]

Ui

= qu% [l,: (3m-|)1 (gm.) - -:_1.; (3m)3——}

1]

485 & N

The dorce 1s directet uevf:’mH_«, downwardJ dnd due

o Symmetry it aclh on The hemisphere a[oqg The
vevtieal axis of The cylinder.
35 AN
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2.95

2.95  Three gates of negligible weight are used to hold back
water in a channel of width » as shown in Fig. P2.45. The force
of the gate against the block for gate (b) is R. Determine (in
terms of R) the force against the blocks for the other two gates.

VA, /i/// 7 SIIII

(a) (b) (¢)
For  (Case (L) m FIGURE P24s [45
Fa= dhA= FUEhes) = W24 T
and o= .53,{ Je |
Thus [
Z i E
5 mz’FM#:O ‘L ; R
’ hR = (éﬁ)g’. 7' Jate
Lo=(ZA)(Eh%) S
Yhtl
le: (7)
s gfé (f‘eezzf)
Fc;}— Case (a) on A’Fe’-éaafj-fftefmw Showh H
2
[-/_d: J:é)__é (ﬁpm 44&:/?} and \L
o= S 4
dnd
2)= §x ¥l =
= A/ "
[72)w)] o
= 7dh*b
s A
/hus, =My =0

T Wi ) mB) = g
T T ) B3

(Can’i)
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2.95 (tont )

24 follows That
= Yh*% /ﬂ- 390)

From £g.0)  0h*% =R thes
Fp= LITR

/L';,, Cus e {c‘) Jor The free- My a5 rem shawq)
T%e ,gr(e 75' 919 7’76 Cirved SPCJﬁ‘Ion Pﬂs_fej 771)’0:(51,
'/'he h:ﬂ.?e é'(ﬂd ﬂ?fl’eére dofs #ot f&fﬂ‘héqé@ 42
The moment arouna H. On bo Hom part of Jate

b, Thed = FUFL0h) < Zun

" . T " L)L) g
AT s T (5/7)/;, b) 7
.y
Sy
Thus
ZM#_O
So  That
=7
/f?;/;?é /)

2 . 7 2

“* ,:5.—/;%4)( ) = 28t
From ng.(/) Fh*h = 5’5/ Fhus
%:;2: QXZ;R
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2.97

2.97 A freshly cut log floats with one fourth of its volume pro-
truding above the water surface. Determine the specific weight of

the log.

F;s =W or
al,,o %:.0 - X’;y 7/
Thys,

Viw _ v 2V
a;'ag e (Y/'fz.ﬂ 7-2—. —a;/ﬂ-ov
or
Bog =

3 3 by _ 16
7 Gpo = F (62.43p) = 44,8 15

v

/
VY = log velvme

Y= 2V

Hx0
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2,98

2.98  Ariver barge. whose cross section is ap-
proximately rectangular, carries a load of grain.
The barge is 28 ft wide and 90 ft long. When
unloaded its draft (depth of submergence) is 5 ft,
and with the load of grain the draft is 7 ft. De-
termine: (a) the unloaded weight of the barge,
and (b) the weight of the grain.

s W,
(a) [, Q%ulllbwum) C— __ﬁ_i_%’__ — i
o St
Z' F‘;ﬂ’é;(q,f =0 T =
So That FES
W/, = F = 5) % [ bmer o W, ~ Nfl‘ghf of bqvqe,
5 R ka0 SRR v JMME) : (unioadecl)

J I
= (624 £.) (5t czatas fo £t)
= 786,000 b

(b) -
F\'IEY'LJ'CQ,I - Wb‘TW%
\Ubng = FB # XHL(; (Submergpd volume)—_h i —J/h __ -_*';"Fi
|
i

- b
\l\fSl = (LZ.L}- . )(7# X 284t x ‘ioft) = 78L,000 I
£ wam wg;ﬁhf of- qraln

= 315; ooo 1k
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Z.499

2.99 A tank of cross-sectional area A is filled with a liquid of

i A
specific weight v, as shown in Fig. P2.99a. Show that when a :
cylinder of specific weight y, and volume ¥ is floated in the lig- ah
uid (see Fig. P2.99h), the liquid level rises by an amount *
A = (y,/ v,) ¥/A. f
H

(@) (b)
W = Weighf afcy//'ﬂder = (Y;_%/ M FIGURE P2.99
For equilibrivm
W": WG;“i/o?l of quuid a(/'sp/aceg( = A’:})Z/}z = X‘% Whe,\e ggé :hz /41
Thu.g
LY =0% or

_ %
by

flowever, {he final volume within $he fank /s eqval o fhe inifial
volume plus the Volvme | Y.  of the cylinder that issvbmerged.
Thatis,

(H+ah)A = HA+Y

or

%4y
ah= g% %

—_—




Z.100

2.100 When the Tucurui dam was constructed in northern
Brazil, the lake that was created covered a large forest of valu-
able hardwood trees. It was found that even after 15 years un-
derwater the trees were perfectly preserved and underwater log-
ging was started. During the logging process a tree is selected,
trimmed, and anchored with ropes to prevent it from shooting
to the surface like a missile when cut. Assume that a typical
large tree can be approximated as a truncated cone with a base
diameter of 8 ft, a top diameter of 2 ft, and a height of 100 ft.
Determine the resultant vertical force that the ropes must resist
when the completely submerged tree is cut. The specific grav-
ity of the wood is approximately 0.6.

For egaz'hlrrifm y

2 F';erhcaf s
So Thet

T= Fé__.% ‘ (1)

v a frupcated cone !

%/me-‘ﬂ"(rzf-}-a -H";') T
Where . K = base radius W~ weght
h = top racius Fg ~ buoyant force
h= heght T ~ tension in ropes
Thas, 1, (m) (st [Gas (ec102) + 0 #) |
Frec 3
= 2200 #°

For buoyart force

6704, Jr; =féz,4;‘ft;)(zzooaﬁt3)=Jszooou,

For W@tﬂif : |
2() 2 );_ X -%_r“ = @-5){62.'1‘ ﬁa) [ZZoo‘F‘taj = 32, Yaol)

ree
From E§.(1)
T = /37000 [b- 82, %00/b = 54 goo b




2.102

2.102  An inverted test tube partially filled with air floats in
a plastic water-filled soft drink bottle as shown in Video V2,7
and Fig. P2.102, The amount of air in the tube has been adjusted
so that it just floats. The bottle cap is securely fastened. A slight
squeezing of the plastic bottle will cause the test tube to sink
to the bottom of the bottle. Explain this phenomenon.

m FIGURE P2.102

IVAg,; The fest tube is —a[/oa,é/r'rj

The weight of The tube, W, is
balonced 57 The édoya.z‘ ,4;15/ f-'}j/ ——‘l—l—-\Lr e
as shown 1n The ﬁ_yvrﬁ’ < The busyent e g

vce 43 due to The displaceqd volume volume e E
of watker as Shown. This is placed displacecl i I et o i B
Volume is due Zs The gi5 pressure, § Ffieay [ns
—f-;ngﬁned 1A The tube hepe - ’-,._“ -_-":‘: :.
P-.: ﬁ -f—é’uw}‘) Ulh'rl 'ﬂ1t bo#/‘ o , JZU ’- ’
57«6‘74’4{/ The arn /?re.s;w.'( /n The X

e, B, /5 Ineressed Slightly and e i

This" 1 Lurn jncreases P, The pressure NN J———— ol
ompressing The ali- (n The Lest +ube,

Thus, 7The r/igp/ec edd Volume s :'/ecrmrd
with a Subseguent decrease i T, _
Since W 75 tonstant a decvease /n
;:3 will Cause '77!( 'éc'_n.é 'L(uée +o Sink |

2-/0]



2,103 I

2,103 An irregularly shaped piece of a solid
material weighs 8.05 1b in air and 5.26 b when
completely submerged in water. Determine the
density of the material.

W(h} m'.-) = {03 X (Vﬂf“"?‘) wllerc. /J ~ cfé’n.sifj af ma,LenJ
A2 % [volume) - buoyant foree

A3 (volume) - gﬂgzx (veolume)

W (in water)

Thus,
w (in aiv) i V' i /
W (in wafer) L= l0 | — f‘%_'?
or /0 slug
" i o .94 =& — Ll slugs
/0- 1 W (1n water) s26lb ! 43

W (n air)
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2.104 I

2.104 A 1-m-diameter cylindrical mass, M, is
connected to a 2-m-wide rectangular gate as
shown in Fig. P2.10% The gate is to open when
the water level, h, drops below 2.5 m. Determine
the required value for M. Neglect friction at the
gate hinge and the pulley.

=¥4 A

Bi

1-m
diameter

1m
L

FIGURE P2.104

.—%T
= X’ﬂ.l ’:R | M3
where all leng‘fhs are in M, Hy i \L
e I, o> -
For egu:hbmum) 0 ey ? b
7 M=o )
So fha‘ﬁ
3
BT = (é) =Y ;5-
and _ y‘ﬂ's
T
Ry The t'.g/i(fdnce/ mass iﬁev#c‘d ©  and
T= Mg 3 F i Mg‘— X-V';Y\GSS
Thus 3 2
) . T-i- B’-v“ﬂ-mtsj - é’l—’ﬁ_ + X(IE)(I) (-R—])
g 7
Gnd 1[01- ‘ﬂ=2.5‘m
(95 y o ) (2. S = | Ows
" (?.Rostma)‘: ml v % D) (2maLo j
q.8) &
= 1480 %3

2-/93




2,105 |

2.105 When a hydrometer (see Fig. P2.105and Video V2.8) hav-
ing a stem diameter of (.30 in, is placed in water, the stem pro-

Fluid
trudes 3.15 in. above the water surface. If the water is replaced Hydrometer surface
with a liquid having a specific gravity of 1.10, how much of the \v4
stem would protrude above the liquid surface? The hydrometer T I R
weighs 0.042 1b.

BFIGURE P2.105

When the hydrometer 15 Floating

I #s we:'ghé) 70, 13 balancea by

The buoyant dorce, F. For i
fgufflbri'um ;

P

L

Vertical
7%«5/ for Waler

L o
(5,,)%

.‘J:'plrj

—
\.;ﬂ'

= I (1)
wheve ¥ /s Tne submerged volume . With The new

[t quid

Lgut 66)(%0)-17;-:% (2)

famb/hfnj' 53’5. (1) and(2 wyTm U cConstant
C%’Lzo)—yj_ = (Sé)(mzo>"7"z

and | 7

= el c32)
[l

(Co'?’f)

2~ 0%



=5 [Cont)

F;‘d?m EZ' (1)
Bt = BRI . 043;.. b 2 e T3XI0 q.—ptg
t a"l-i'~z.c:s 624‘}{:5

5o et frem £9.0)

i= 3 %~ 3
-\72: 6. 73 X 10 ‘r,oct -t 120 lip ﬁt
i lo

Y=y = (673 L2 )xto £t 3= .61 410 e ¥

Te obtan Tnis d Frevence e change 1 /t’n,ﬁ: AL 1.:.'

(—-—- )(0.30m.) AL = (6.61 xi0 *,%3)(/723 )
Al= [ 49 in.

Witn the new /%wd the stem would Protrude
34510 + 1.4g [n. = 4 44in. abowe The surface

Thus,

2-]05




| 2.106 |

2.106 A 2-ft-thick block constructed of wood
(§G = 0.6) is submerged in oil (§G = 0.8). and 6 ft oil
has a 2-ft-thick aluminum (specific weight = 168
Ib/ft") plate attached to the bottom as indicated
in Fig. P2.106. Determine completely the force
required to hold the block in the position shown.
Locate the force with respect to point A. 0.5 ft

Aluminum

. 10 ft -1|
FIGURE P2.1b5%

5o
for ?Ztﬂ/ﬂm.ﬂm : NWV

Z-FVBV-AQI, =0 ' H F'Bw W
Jo 71147" A’ L 27 7 |7 7 7% 7 7rcv 2 oc]
F =W, ~Fgy * W~ F, ‘__/:;TF f Fga.
Where —-r]
W, = (Séw_){‘a'” ) A L ~ wood
Zdlb v a ~ aluminume
= (o.L) (62.‘!?{;3) (“i)(lo&x@&x 24t)= 1500 lb £ dovie do hold Block

W, = {‘bg"_fz.s )(o.s&x 1oftx 2£t) = 1bgo b
o (56,5 ) Oy ) s, = (080620 5 Y4 oft w458 42 42 - 2000 I
o= (S6) (Y1) ¥ = (0.8)(b24 £,)(0.5¢t x toft « 24) = 497 1L

Thus,
F= Iseol, —2000lb + [680 b~ 499 /b = (8] lb upwarel
Also,
Z MA"'O
So That
' %ﬁf)(\uw-%w) +(56t)(We - R, )
o

»
£ (6811) = (-'g- Ft)(lsoo - 2600 lk) +(s+t) (168016 = 499 Ib)

and
L= 622 £t 4o vight of pont A

—
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L.107 ]

2.107 (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?

By eiu;\;brfum,
2. FWWH:..Q ko
ani OZU 2 FE‘ = .B’“_ D—b‘ and _-V— s ch}p\dceA Vo‘ume.
2

For Concrele Canoe, S/OUJ
4T Lb=ﬁ-2.4%5)"72 E N ;
¥ = 2.30 ft° 7

By Kevlar canoce,

39lb =zt 22) Vi
Y. = 0.boq £

7 3L1ﬂt3— 0.b04 ot
.75 £t°

il

Ex'}"ra_ (Ve ater d Lsplar—c me-\'f;

2-107



2.[08

2.108 An ice berg (specific gravity 0.917) floats in the ocean (spe-
cific gravity 1.025). What percent of the volume of the iceberg is
under water?

For equi [briym,

W = Weighf of iceberg = Fp < buayanf force

or
%e a;ce il %A &"cean ) where %{fy& < yolume of ice ﬂ/bﬂ?f’/‘yea’.
Thus,
%"[U_b & X:'ce SGse 0.9/7

= = :-———-:0'845 :8%570
%GE a;cean SGocean /.025 _

2-/08




2:[’0

2.110 Itis noted that while stopping, the water surface in a glass of
water sitting in the cup holder of a car is slanted at an angle of 15°
relative to the horizontal street. Determine the rate at which the car
is decelerating.

az Uy
dy 9 + 4z
WhC'“e dz =0 4/’)0{ % = fcm/é’”:o,zag

Thys,

__ 4y _ __ 4y
0.2-68 = ? = m
or’
#y-—p.43 8
ay = —(0.248)(32.231)-&

2-189
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2.1 An open container of oil rests on the
flatbed of a truck that is traveling along a hori-
zontal road at 55 mi/hr. As the truck slows uni-
formly to a complete stop in 5 s, what will be the
slope of the oil surface during the period of con-
stant deceleration?

a
S/oPe = .d_.'z' = 7 (EZ.Z,ZZ)

8 = Final velocity ~ initial velocity

+time Interval

|

m
o - (55mph 04410 5 )
/mph

>s
Thus |
.21_7.:2.' . (‘-%72%)
49 i?/fﬁ; + 0

I

= —4ql

0.502

é?—

2-]]0




2.112

2.112 A 5-gal, cylindrical open container with a bottom area

of 120 in.? is filled with glycerin and rests on the floor of an

elevator. (a) Determine the fluid pressure at the bottom of the

container when the elevator has an upward acceleration of 3

ft/s. (b) What resultant force does the container exert on the

floor of the elevator during this acceleration? The weight of the
- container is negligible. (Note: 1 gal = 231 in.3)

F[—==-
| T
A
3 , 12y LLLE
o ?f%" plgra)  (mgza) Lo
Thus, B A = volume
£ 0
fd?\, = —P(j-rq’.l_)fdi "9\. lZom ) (53 ) 33';;‘1)
2 * "Eu: 9.63 in.
and
“FL - ﬁ (?-ﬁ'q’-_z)"g_
= (g.wé—’-‘ (322 3'&)(743,@5
" I
= o
(b) From free-bedy -diagam of contamer,

=t A
(égj . ) (126 in. 2)

574 1b

| 47 )

Py in®

"

Is

Thus) Lorce of condaiver on Floor

51.% (b dewnward.

2=




A.113

2.113 An open rectangular tank 1 m wide and
2 m long contains gasoline to a depth of 1 m. If
the height of the tank sides is 1.5 m, what is the |
maximum horizontal acceleration (along the long |
axis of the tank) that can develop before the gas-
oline would begin to spill? ‘

To  prevent .‘s}r«'alh'r)jJ T —pe —= 5
d-z i L5 -0 an [ o ~ _ 15
3-5 = = —f:__l—o-' = = 050 .L J.
| o -
(sec fijure). = B
4
Since X
" ode . i (Ez,z.?.&)
ot gtz
or, with 4320,
dZ
%y Eoat
So Thal
. o n i
(a,) =~ (-o5)te12) = 49 2

Sl.

(-/Vo‘tlc-' Heceleration could be ei‘f’hpr de The r'rqh'L or the le-F"E_)

2-)jz
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2.114  If the tank of Problem 2.113 slides down
a frictionless plane that is inclined at 30° with the |
horizontal, determine the angle the free surface
makes with the horizontal.

From Newbens Jdad /aur,

Z Fﬁl = mq a'y
Since The an/y force 1n The j:dn;'ecﬁd”
/s The C’om/:menzf of weight {m\j)s}néj

surface js at the same ang/e as e ,o/cme,

(ﬂ’ﬂ S/Incg = m @ i
3) 4 M o~ mass of tamk and
So That e </n Gasoline
y = F
and therefore _ _)a‘ﬂ
B . ~ o, i ®
a_j = Q, Cos6 Gz.,: == dy Sind \L\ a‘lj
A')SG') a- QE
Jo o | e (£q. 2,28 )
I
- - 4y C:""Q - 9 5mé Cos&
g i a_bsme g - sinb sin &
o SIn8 cos@ 18 cosh
-— 1 % N =
| sin*@ COJ'ZG - fﬂﬁg
dz
Hence, 7% = ~tan8, so That the free
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oF
2y

Thus,

A
Where

and

or

% e . B
ﬁ’ﬁ k “/”“a/":;
o

2.115 A closed cylindrical tank that is 8 ft in diameter and
24 ft long is completely filled with gasoline. The tank, with its
long axis horizontal, is pulled by a truck along a horizontal
surface. Determine the pressure difference between the ends
(along the long axis of the tank) when the truck undergoes an
acceleration of 5 ft/s?.

%
-2, (Ef' 2.25) C:’ ijis

p=p et Y=0  anu p=f ot Yz 24 FE

B-t = —pa (24 £¢)

= — (132 ‘s’ftf;)/s ’%)/zenh)

- t5e B

f+2

—
—

/b
'ﬁ—f‘z: 158 Fa

2.~ I1%
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2.116 The open U-tube of Fig. P2.116 is par-
tially filled with a liquid. When this device is ac-
celerated with a horizontal acceleration, a, a .
differential reading, 4, develops between the ma-
nometer legs which are spaced a distance [ apart.
Determine the relationship between a, [, and 4. -

FIGURE P2.116
dz = — Ly [Eg 2, 28)
ay 2tz
 Since p
‘ dz . — h -
3—5 ~ /E aunof ﬂz_—o
"ﬂ)fﬂ ’2 : a
Tz gto
or
. a L

2-/i5
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'2.117 An open 1-m-diameter tank contains
water at a depth of 0.7 m when at rest. As the
tank is rotated about its vertical axis the center

of the fluid surface is depressed. At what angular Lluid
ui

velocity will the bottom of the tank first be ex-
posed? No water is spilled from the tank.

5uhcqce

)

A
_ Tg | - \idr %
Ezua%mn for Surfaces of constant pressure I A N v
( £9. 2,32) ! x/}(_:
Z = wz,,z T Cans-/ﬂnf 7
‘2‘; ‘Q.L-N initial déf‘}'h

For +ree surface with Hh=o ot r=o,

101. . Wik

%3
The volume of Fluid th votahing 4unk is qiven by

R
R 2, ¥
JV';‘ fanr% dr = 2T ‘U?'fk3d1r . T
9]

*é

0 o

Since. The initiad Uo/umeJ 'b’i.:ﬂ"/ez/’l(_'J must equal The Lingl

volume,
Y =
Se ﬁﬂi %
2
T L . = W—Rz'Ef_
or

(0..6'/:74)1

’7‘(?-8’/% )(0.7/»4)

= Jo.5 rad
S
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2.118 An open, 2-ft-diameter tank contains
water to a depth of 3 ft when at rest. If the tank
is rotated about its vertical axis with an angular
velocity of 180 rev/min, what is the minimum
height of the tank walls to prevent water from

spilling over the sides?
)

For free surface .
L
—BL- ZF +£ (53_1.32) ll

ey
LLLLL TN

”iu

H .
d min

.‘.
Y

E

: _ * l“—R—-I
he volume of Fluid in the votating fank is given by
R R
ch‘;—*[.w#-ﬁ dr = 2#ﬂw2f3+ ga,,)d,,
0 o T3
i
TR, 4, R”
+4 N

T
rev 2T kad lm:‘)
I (l?o min ¥ TFer ¥ —60;" i

& (32.2‘%’_)

1

. TR, (Fe)

T (276 +4.) 23 (with H, m )
Since The inihal vo[ume}

Vo= mR Ay = T (14) (342) < 3743
and The ftnal volume must be ezual)

%=
or
T (270 +4,) Ft3= 3w FE°
and ‘)?a: o. 240 £t

Thus, from The Fivst ezuahbu (F-.‘%,Z-?!-)
4&: c‘._):l.’z“t‘ 6. 240 £t
zg

* z
aud ]—EV x 7 Yﬂd n (l"Pt)
“_m = (’30 T ev * (.as) ¥ D,ZI}D-H = 5_“3'”:
n a(32.2 £)
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2,119 A child riding in a car holds a string attached to a float-
ing, helium-filled balloon. As the car decelerates to a stop, the
balloon tilts backwards. As the car makes a right-hand turn, the
balloon tilts to the right. On the other hand, the child tends to be
torced forward as the car decelerates and to the left as the car

makes a right-hand turn. Explain these observed effects on the
balloon and child,

A floating balloon attached to q strimwill align itself so that
the string it normal to lines of constant pressvre. Thus /f the
car is hot accelerating, the lines of 0 =constant ppecspre are
horizontal ( qf'avfr'y A6ts Vﬂ’f?’/.crz//y a»/aWﬂ), and the halloon floats
Straight vp” (i.e. 6= 0), If forced fo Fg =W = buoyant force

it g ~Weight
the side (6#0), the bq//’oon‘ will retoen g, HAN - l &
fo the vertical (9=0) equilibrivm p —— TR
position. in which the two forces i _ -,
Tand Fg-W line vp constant 7 o T" tension in

- str/
pressure lines ring

Fig.t) Mo acceleration, =0 for

equilibrivm.
Considsr what happens when the car decelerates with an
aﬂ?ounf q},co. As show b}/ Eq, (Z‘J’-.PJJ » ﬁ____f;gé;/e‘
}he ’fﬂes of Caﬂ.rfqnf pressyre are ﬂb"rt — G’:‘ﬁ”"
horjzontal, but have a4 clope of G motion
.d.?_____‘ qQy _ _ _ Qy ; k. - :
dy = 7+ 4z = ;5,—'?0 S/r)cea;_zl-') /ﬁﬁl
and dy<0, ﬂya/ﬁj the balloon's eyyf/ibﬁ/wﬂ ) s £,
position is with the strifg normal to g =const. + s
lines. That is, the balleon tilts back as i T dy :
the car stops. ” i k
When the car turns, ay == (the centrifugal y
acceleration), the lines of pzcaﬂ.ﬂ’. are g< Ry fé‘nl e
shown, and the balloon 1;lts 1o the B

B i9-(2) Balloon aligned <o that
string /s normal to p=constan

/ :')765.‘

F;'q, (3) Left ILWJ?J' bafloon #ilis fo
right

oviside of 1he curve g
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2.120 A closed, 0.4-m-diameter cylindrical

tank is completely filled with oil (SG = 0.9) and
rotates about its vertical longitudinal axis with an
angular velocity of 40 rad/s. Determine the dif-
ference in pressure just under the vessel cover
between a point on the circumference and a point
on the axis.

Fressuve 1n a rota éu&g Llsd  varies
Ik Gccordance wilh The €jua-£mba "

2,2
zf): /ﬂ—@; - Y2 + Constant @‘5,1.33)

Simee  Zy =75
p

oty = & (54
(0.9)(10° 28, ) (4 12¢) [(02 )

2

1]

I

48 5 ')éPa..
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2.121 (See Fluids in the News article titled “Rotating mercury Recewe,r
mirror telescope,” Section 2,12.2.) The largest liquid mirror tele- Mgt s
scope uses a 6-ft-diameter tank of mercury rotating at 7 rpm to pro- J'
duce its parabolic-shaped mirror as shown in Fig. P2.121. Deter-

mine the difference in elevation of the mercury, Ak, between the ‘
edge and the center of the mirror,

’F/V/ 6 ft \T

Mercury C‘HDCD= 7 rpm

BFIGURE P2.121

For free surface of rotating ‘l:bul'dl)

wzrz-,. Constant (Ez, Z2.32)
-

let =0 at r=0 and Therehoe

Constant =0. Thus,

bh=0z for v=3fL and z
witTh -
d\/Vama "
q"‘P”f“)(z“ e )(u;ms [\
= 6.733 &4
!t‘ -f-ollows ’h’la":

2
_ (033 (3 8) o e o
N £ SiRE N

£ =

z=l20
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2122 Force Needed to Open a Submerged Gate

Objective: A gate, hinged at the top, covers a hole in the side of a water filled tank as
shown in Fig. P2.122 and is held against the tank by the water pressure. The purpose of this
experiment is to compare the theoretical force needed to open the gate to the experimentally
measured force.

Equipment: Rectangular tank with a rectangular hole in its side; gate that covers the hole
and is hinged at the top; force transducer to measure the force needed to open the gate; ruler
to measure the water depth.

Experimental Procedure: Measure the height, H, and width, b, of the hole in the tank
and the distance, L, from the hinge to the point of application of the force, F, that opens
the gate. Fill the tank with water to a depth & above the bottom of the gate. Use the force
transducer to determine the force, F, needed to slowly open the gate. Repeat the force mea-
surements for various water depths.

Calculations: For arbitrary water depths, A, determine the theoretical force, F, needed to
open the gate by equating the moment about the hinge from the water force on the gate to
the moment produced by the applied force, F.

Graph: Plot the experimentally determined force, F, needed to open the gate as ordinates
and the water depth, h, as abscissas,

Results: On the same graph, plot the theoretical force as a function of water depth.

Data: To proceed, print this page for reference when you work the problem and click here
to bring up an EXCEL page with the data for this problem.

W FIGURE P2.122

ﬂkwé)

2=l




2.122

(Con't)

Solution for Problem 2.122: Force Needed to Open a Submerged Gate

L.in: H, in. b, in. y, Ib/ft"3 |y, fth4
9.5 6.0 4.0 62.4 0.003472
h, in. F,Ib Fi b Y= Yo 1t d, ft F, b
21.4 10.1 15.69 0.0138 0.264 9.03
18.5 8.9 13.43 0.0161 0.266 7.80
16.2 7.6 11.44 0.0189 0.269 6.71
14.5 6.7 9.97 0.0217 0.272 5.91
12.8 5.8 8.49 0.0255 0.276 < %
111 4.7 D2 0.0309 0.281 4.30
10.1 4.3 6.15 0.0352 0.285 3.83
7.4 29 3.81 0.0568 0.307 2.55
Since h > H, A = H*b = constant and |, = b*H*3/12 = constant.
F = F,*d/L, where Fy = y*(h - H/2)*A, d = HI2 + (y, - ), and Y, - Y = l,/(h - H/2)*A
Problem 2.122
Force, F, vs Water Depth, h
12 T |
10 /l—%
/V
8 /
2 //
w s A —— Theoretical
‘// ~#— Experimental
4 //
2
0
0 5 10 15 20 29
h, in.
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2,123 Hydrostatic Force on a Submerged Rectangle

Objective: A quarter-circle block with a vertical rectangular end is attached to a balance
beam as shown in Fig. P2.123. Water in the tank puts a hydrostatic pressure force on the
block which causes a clockwise moment about the pivot point. This moment is balanced by
the counterclockwise moment produced by the weight placed at the end of the balance beam.
The purpose of this experiment is to determine the weight, W, needed to balance the beam
as a function of the water depth, h.

Equipment: Balance beam with an attached quarter-circle, rectangular cross-section block;
pivot point directly above the vertical end of the beam to support the beam; tank; weights; ruler.

Experimental Procedure: Measure the inner radius, Ry, outer radius, R,, and width, b,
of the block. Measure the length, L, of the moment arm between the pivot point and the
weight. Adjust the counter weight on the beam so that the beam is level when there is no
weight on the beam and no water in the tank. Hang a known mass, m, on the beam and ad-
just the water level, A, in the tank so that the beam again becomes level. Repeat with differ-
ent masses and water depths.

Calculations: For a given water depth, h, determine the hydrostatic pressure force,
Fr = yh.A, on the vertical end of the block. Also determine the point of action of this force,
a distance yz — y. below the centroid of the area. Note that the equations for Fr and yz — v,
are different when the water level is below the end of the block (b < R, — R,) than when
it is above the end of the block (h > R, — Ry).

For a given water depth, determine the theoretical weight needed to balance the beam
by summing moments about the pivot point. Note that both Fg and W produce a moment.
However, because the curved sides of the block are circular arcs centered about the pivot
point, the pressure forces on the curved sides of the block (which act normal to the sides)
do not produce any moment about the pivot point. Thus the forces on the curved sides do
not enter into the moment equation.

Graph: Plot the experimentally determined weight, W, as ordinates and the water depth,
h, as abscissas.

Result: On the same graph plot the theoretical weight as a function of water depth.

Data: To proceed, print this page for reference when you work the problem and click fere
to bring up an EXCEL page with the data for this problem.

Pivot point

R

Counter
weight

Weight

Water

" Quarter-circle block B FIGURE P2.123

(con t)
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R,, in.

5.0

m, kg

0.00
0.02
0.04
0.06
0.10
0.12
0.14
0.16
0.18
0.20
0.22
0.24
0.26
0.28
0.30
0.35
0.40
0.45
0.50
0.55

(Con't)

R,, in. L i b, in.

9.0

h, in.
0.00
1414
1.58
1.92
251
276
2.99
3.20
3.41
3.60
3.80
3.99
417
4,33
4.50
4.95
5.39
5.83
6.27
6.70

W =322 ft/s"2 * (m kg * 6.825E-2 slug/kg)

Forh <R, -Ry:
Fr = y*(h/2)*h*b
d=R;-(h/3)
Forh>R,-R;:

Fa=7'(h- (R;- R

12.0 3.0

Experimental
W, Ib
0.00
0.04
0.09
0.13
0.22
0.26
0.31
0.35
0.40
0.44
0.48
0.53
0.57
0.62
0.66
0.77
0.88
0.99
1.10
1.2

1)/2)*(Rz - Ry)*b

d= Rz - (Rz T R‘!)’fz + (yr & yc)

Ye ¥Ye = Ixc/ hc*A

lie = b*(R; - Ry)A3/12 = 0.000771 ftA4

he=h - (Ry - Ry)/2
A = b*(R,-R)

(cort )

Fr, Ib

0.00
0.07
0.14
0.20
0.34
0.41
0.48
0.55
0.63
0.70
0.78
0.86
0.94
1.01
1.08
1.28
1.47
1.66
1.85
2.04

Solution for Problem 2.123: Hydrostatic Force on a Submerged Rectangle

g, ft/s"2

32.2

Yr Yo ft

0.0512
0.0476
0.0444
0.0376
0.0328
0.0290
0.0260
0.0236

v, Ib/fth3

62.4

d, ft
0.750
@719
0.706
0.697
0.680
0.673
0.667
0.661
0.655
0.650
0.644
0.639
0.634
0.631
0.628
0.621
0.616
0.612
0.609
0.607

Theoretical
W, Ib
0.000
0.048
0.095
0.139
0.232
0.278
0.323
0.367
0.413
0.456
0.504
0.551
0.597
0.637
0.680
0.794
0.905
1.016
1.127
1.236

Sum moments about pivot to give W*L = Fg*d
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(C’&ﬂ?i)

W, Ib

1.4

Problem 2.123
Weight, W, vs Water Depth, h

0.2

0.0

0.0

2.0 4.0 6.0

—— Theoretical

= Experimental
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2124  Vertical Uplift Force on an Open-Bottom Box
with Slanted Sides

Objective: When a box or form as shown in Fig. P2.124 is filled with a liquid, the ver-
tical force of the liquid on the box tends to lift it off the surface upon which it sits, thus al-
lowing the liquid to drain from the box. The purpose of this experiment is to determine the
minimum weight, W, needed to keep the box from lifting off the surface.

Equipment: An open-bottom box that has vertical side walls and slanted end walls;
weights; ruler; scale.

Experimental Procedure: Determine the weight, W,,,, of the empty box and measure
its length, L, width, b, wall thickness, 7, and the angle of the ends, 6. Set the box on a smooth
surface and place a known mass, m, on it. Slowly fill the box with water and note the depth,
h, at which the net upward water force is equal to the total weight, W + W,,, where W = mg.
This condition will be obvious because the friction force between the box and the surface on

which it sits will be zero and the box will “float” effortlessly along the surface. Repeat for
various masses and water levels.

Calculations: For an arbitrary water depth, h, determine the theoretical weight, W, needed
to maintain equilibrium with no contact force between the box and the surface below it. This
can be done by equating the total weight, W + W,,, to the net vertical hydrostatic pressure
force on the box. Calculate this vertical pressure force for two different situations. (1) As-
sume the vertical pressure force is the vertical component of the pressure forces acting on
the slanted ends of the box. (2) Assume the vertical upward force is that from part (1) plus
the pressure force acting under the sides and ends of the box because of the finite thickness,
7, of the box walls. This additional pressure force is assumed to be due to an average pres-
sure of p,,, = yh/2 acting on the “foot print” area of the box walls.

Graph: Plot the experimentally determined total weight, W + W,_,, as ordinates and the
water depth, h, as abscissas.

Results: On the same graph plot two theoretical total weight verses water depth curves—
one involving only the slanted-end pressure force, and the other including the slanted end
and the finite-thickness wall pressure forces.

Data: To proceed, print this page for reference when you work the problem and clici frere
to bring up an EXCEL page with the data for this problem.

e

Footprint of box

B FIGURE P2.124
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Solution for Problem 2.124: Vertical Uplift Force on an Open-Bottom Box with Slanted Sides

6, deg L, in. b, in. t, in. Wiy, |b v, Ib/ftr3
45 10.3 4.0 0.25 0.942 62.4

Experimental Theory 1 ' Theory 2

m, kg h,in. W+ W, Ib h, in. W+ Wi, b Payg, D2 W + Wy, Ib
0.00 2.06 0.942 0.00 0.000 0.00 0.000
0.05 2.23 1.052 0.25 0.009 0.65 0.047
0.10 2.42 1.162 0.50 0.036 1.30 0.111
0.15 2.53 1.272 0.75 0.081 1.95 0.194
0.20 2.67 1.382 1.00 0.144 2.60 0.295
0.25 2.81 1.491 1.25 0.226 3.25 0.414
0.30 2.94 1.601 1.50 0.325 3.90 0.551
0.35 3.06 1.711 1.75 0.442 4.55 0.706
0.40 3.16 1.821 2.00 0.578 5.20 0.879
235 0.731 5.85 1.070
2.50 0.903 6.50 1.279
2.75 1.092 7.15 1.506
3.00 1.300 7.80 1.752
3.25 1.526 8.45 2.015

W=g*m=32.2 ft/s"2 * (m kg * 6.825E-2 slug/kg)

Theory 1. Including only the slanted-end pressure force:
W+ W, = v*Vol
Vol = b*h*h

Theory 2. Including the slanted-end pressure force and the finite-thickness wall pressure force:
W+ Wbox = Y*V0| + pavg*A
pavg E 0-5*Y*h
A= (b+ 2*)*(L + 2*t/sin@) - b*L = 8.33 in."2 = 0.0579 ft"2

(cont)
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Problem 2.124
Total Weight, W + W, ., vs Water Depth, h
2.5 !
2.0 v ; ——
; / p
‘ /e + Experimental
/ *
o 2
“~ 18 o/
£
E "’ / Theory 1
= 4 (slanted ends
* gl F 4 il only)
= _/? —-—-Theory 2 ?
Ve . (slanted ends
7 and bottom
0.5 i a : ‘ edge)
4"‘ H
i
e i
g =] |
0 1 2 3 4
h, in
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2.125 Air Pad Lift Force

Objective: As shown in Fig. P2.125, it is possible to lift objects by use of an air pad con-
sisting of an inverted box that is pressurized by an air supply. If the pressure within the box
is large enough, the box will lift slightly off the surface, air will flow under its edges, and
there will be very little frictional force between the box and the surface, The purpose of this
experiment is to determine the lifting force, W, as a function of pressure, p, within the box.

Equipment: Inverted rectangular box; air supply; weights; manometer.

Experimental Procedure: Connect the air source and the manometer to the inverted
square box. Determine the weight, Wy, of the square box and measure its length and width,
L, and the wall thickness, . Set the inverted box on a smooth surface and place a known
mass, m, on it. Increase the air flowrate until the box lifts off the surface slightly and “floats”
with negligible frictional force. Record the manometer reading, 4, under these conditions.
Repeat the measurements with various masses.

Calculations: Determine the theoretical weight that can be lifted by the air pad by equat-
ing the total weight, W + W, to the net vertical pressure force on the box. Here W = mg.
Calculate this pressure force for two different situations. (1) Assume the pressure force is
equal to the area of the box, A = L% times the pressure, p = 7y,,h, within the box, where v,,
is the specific weight of the manometer fluid. (2) Assume that the net pressure force is that
from part (1) plus the pressure force acting under the edges of the box because of the finite
thickness, ¢, of the box walls. This additional pressure force is assumed to be due to an av-
erage pressure of p,, = ¥,h/2 acting on the “foot print” area of the box walls, 4#(L + 1).

Graph: Plot the experimentally determined total weight, W + W,,,, as ordinates and the
pressure within the box, p, as abscissas.

Results:  On the same graph, plot two theoretical total weight verses pressure curves—
one involving only the pressure times box area pressure force, and the other including the
pressure times box area and the finite-thickness wall pressure forces.

Data: To proceed, print this page for reference when you work the problem and click frere
to bring up an EXCEL page with the data for this problem.

Air supply

# FIGURE P2.125

(Cont)
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Solution for Problem 2.125: Air Pad Lift Force

L, in. t, in. Woow Ib Y20, ID/ftN3
75 0.25 1.25 62.4
Experiment . Theory 1 Theory 2
m, kg h, in. W + Wy, Ib p, Ib/fth2 W + W, Ib W + Wiey, Ib

0.0 0.54 1.286 2.81 1.10 1LA7
0.1 0.64 1.47 3.33 1.30 1.89
0.2 0.74 1.69 3.85 1.50 181
0.3 0.82 1.91 4.26 1.67 1.78
04 0.94 2.13 4.89 1.91 2.04
0.5 1.04 2.35 5.41 2.11 2.26
06 1.12 2.57 5.82 2.28 2.43
0.7 1.23 2.79 6.40 2.50 2.67
0.8 1432 3.01 6.86 2.68 2.87
0.9 1.42 3.23 7.38 2.88 3.08
1.0 1.52 3.45 7.90 3.09 3,30
1.1 1.63 3.67 8.48 3.31 3.54
1:2 1.72 3.89 8.94 3.49 3.73
1.3 1.83 4.11 9.62 .72 3.97
1.4 1.96 4.33 10.19 3.98 4.26
1.6 2.06 4.55 10.71 418 4.47
1.6 202 4.77 11.02 4.31 4.60
1.7 2.23 4.99 11.60 4.53 4.84
1.8 2.32 5.21 12.06 4.71 5.04

W = g*m = 32.2 ft/s*2 * (m kg * 6.825E-2 slug/kg)

Theory 1. Involving only the pressure times the box area:
W + Wbox = p*LA2
P = Yn20™h

Theory 2. Involving the pressure times the box area plus the average pressure times the edge area:
W+ Whox = p*LA2 + (p/2)*((L + 2t)"2 - L*2)

(C’:MZ)
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Problem 2.125
Total Weight, W + Wbox, vs Pressure, p
|
6 i
|
L } ‘
5 o/
. ?
j 1
4 ‘/!’/ R . ,
Q ’.f’f ¢ Experimental |
% ' Y .
8 31 - S - ==Theory 1 (box area
= /4 : only) \
/4
g / _ Theory 2 (box area | |
2 - o | plus edge area)
7
L
1 . _r
0
0 5 10 15
p, Ib/fth2
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