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*2.23  Under normal conditions the temperature of the
atmosphere decreases with increasing elevation. In some
situations, however, a temperature inversion may exist so
that the air temperature increases with elevation. A series
of temperature probes on a mountain give the elevation
—temperature data shown in Table P2.12. If the barometric
pressure at the base of the mountain is 12.1 psia, determine
by means of numerical integration the pressure at the top of
the mountain.

i

Elevation, ft T, °F T °R
5000 50.1 509.8
5500 55.2 - 514.9
6000 60.3  520.0
6400 62.6 5223
7100 67.0 526.7
7400 68.4 528.1
8200 70.0 529.7
8600 69.5 529.2
9200 68.0 527.7
9900 67.1 526.8

9, 34 omé_ tained Hsing The fra,oe 3

LNnumbzr of data Pa;nv‘s

and 900 f £

| .
JIE e
M —_— ) -

The approxim ete Value of The integral

L= '2/7 Z (9&""3:.‘-”)/"(,‘.,, “‘"‘L') W
”

Elevation (ft)

Temperature (°F)

5000
5500
6000
6400
7100
7400
8200
8600
9200
9900

50.1 (base)
55.2

60.3

62.6

67.0

68.4

70.0

69.5

68.0

67.1 (top)

TABLE P2.2.3

In The 4able below The tempevature 1n °R
and The /f;Je‘qmm;( ’/7"(@/2) tabula fed.

1/ TCR)
0.001962
0.001942
0.001923
0.001915
0.001899
0.001894
0.001888
0.00189
0.001895
0.001898

s

7“/(;1

/n £9.2.7 s

o1 del rule, L:Q)

. Thus,

‘ Lt
[—_}_L)JZ- = ?34 R

(Con'{:)

heve g )¢ X~ elevation,
)

s, et (wimn § =322 5> ans E;L_/wé Lt 14 /;/,,j. R
Jp e - (722 ) M) __p o153 )
& 1776 £t.1b ) 5has °R

L=l




2.23%

(CWJ'LL)

I7l A//DAUS 74&}}7 Eg.[/} [‘)[771 P/ = /2’/P‘SL'“ 71447"
. = 0.175R..
'72: (2.1 /93/42) e = /0.2psia -

m—

Wo 7l€ r Since The vz!?mp(m ;‘m 1/4/’/4')‘103: /5 not very /4%9&
11 would be expected That The assumpton of & “lonstant

ft’m/oerqfﬂre would qive Jood V€4l ts. I The *{/nﬂmﬁrm
is assqmed Fo be cCoustint of  The base Fomperature
(Sv./F), £ =10/ psia, which ts only shghtly
different from The result 9ivew above . )

=19
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121.{

A U-tube manometer is connected to a closed tank

containing air and water as shown in F1g P2. 2‘(» At the closed

end of the manometer the air pressure is 16 psia. Determine the

reading on the pressure gage for a differential reading of 4 ft )
on the manometer. Express your answer in psi (gage). Assume

standard atmospheric pressure, and neglect the weight of the air

columns in the manometer.

—<— Closed vaive

Air pressure = 16 psia

Gage fluid
{(y =90 Ib/ft3)

® FIGURE P2.24

7+ 0:77( () + &’;/;o (24) = 72;74

777445) |
% (/&fj = 147 £ "’ }//W%L) @0 )@ﬂ)
+ (/lef )z #)

uml = e B

1% 1n, =

02— -0




2.25

Hemispherical dome

228 A closed cylindrical tank filled with water has a hem-
ispherical dome and is connected to an inverted piping system
as shown in Fig. P2.25. 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).

(0 F s (saX8,) )+ by () = 1y

b= GokR + (o) Taaw ) (3m )+ (78008°2, ) (2m )
= /03 k/;

(6) _'7;2: 7%4“‘ 6‘:‘20 (5m)
= bokP- (280 X0, )3 )

3
= 3p.L xi0” X,
m 3 N
%_ P - 30 X1V
- Y = Y, = 0,230m
4{‘3 /33X 10 3

:0.230m[_@j_’f:’") = 230 mm
m

2-2|




2.20

2.2G6 A U-tube manometer contains oil. mer-
cury, and water as shown in Fig. P2.2¢. For the
column heights indicated what is the pressure dif-
ferential between pipes A and B?

FIGURE P2.26

B+ ¥, (31‘4)#] [%’ H::)— (HZO[“H?) ] b

Thus)
=(6»2.4‘_ﬁ,)(7/§5'&) - (67.0 ) = fE) - é#? ;ﬁ;)[/ #t)
= —g0z £,

A-22




2.27

" tank is oil (y = 54.0 Ib/ft®). The pressure at point

2.27 A U-tube manometer is connected to a
closed tank as shown in Fig. P2.27. The air pres-
sure in the tank is 0.50 psi and the liquid in the

A is 2.00 psi. Determine: (a) the depth of oil, z,
and (b) the differential reading, /&, on the ma-
nometer.

FIGURE P2.27

hMS) i ’Pﬂ-’f’a.f._ (02/ _051.1,)(4#1”
BEVIE =Yoot

X" —_—
oil 540 ;%a

(6) | ’éq + b;i/ {;,Cé;) - (56)(%0)42' =0

2

/b/» + b’oi] {71‘)6':)
(Sa)( ¥y,0)

;u%})OWuh§> @40 )&4&

(3.05) (624 H:’)

A

= 2, 0% -pt

2.-23
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2.28 You partially fill a glass with water, place an index card car d
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 a,’n H
glass. Explain how this works. *“
: . - water t

In order fo hold the index cord in place when e SRSRNTIS b
glassis inverted  the pressure at the card-water 14

interface , 0, must be g, =W, where A is the vpright
areq of Hhe glass opening and W is the card weight
Thus, f, =-W/A . Hence, P27 ~&h, or

P2, =~ WA=¥h(gage).

Y . T

Since the amount of air in the glass remains the |
same when it is inverted, EEoE th
CuAH, =0 AH; , where u and i svbscripts , In |

refer tv the vpright and ipverted condidsops. Thus, T
n H;= %-:- H, But p=eRT sothat

G _ (Pu/RT,) _ Pu .

0 e =(g/AT) - F P ded the femp eratire
remains constant i T; = Ty . Note : Since we are vsing the p@ffem‘ gas law
the pressures myst be absolvte — g, = futm , fi = fa==-W/A=Fh+ faim

Hﬁﬂcg from Eqs. (1) gnd (2)}

(®» H =(/ ‘ £ain ) H, That is, when the glass is inverded the colvmn
Potm=W/A -8h L2 , ‘
of air inside expans slightly, caysing asmall
gap of size AH betwesn the [ip is the qlass
and the ndex card. From Eq.(3) this AN is
] _ Latm | +4
W aH=H-Hy -( Frim WA T )/.Q, ~H, = ﬁa;y{if/‘f”)/: m} i,
Tf this qap is “large emvgh” the water wovld Flow ovtof the glass and air jnto 7
It if is'small enovgh "surface fension will allow the slight pressure difference
across Hhe air-water inferface {i.e., g, =" W/A) needed 1o prevent flow and
thus keep the index card in place. Recall from Equation (121 in Section 1.9

inverfed

on't)

2-1y




2.28 (50/7'7‘)

,‘"-:."q)agj.» :.‘_

“ interface

that the pressure diffenence across an infertace is
proportional 1o the surface fension of the ligvid, 0;
and the radivs of corvatore, ‘R, of the inferfacs. L) peard”:
Tﬁm( /~SJ f/ ~T/R 1/)://{"/. s
Thus, for small enough gap, 1, w hich gjves a smafl &
eﬂol}y/) inferface radivs of covvaiore, .4 sorface

‘K////'?

P
-
'

>

fension is large enevgh to koep the water from /’ R N \\
fhwing and the index card remains m placs. Rl ¥
fo
Consider come typical numbers to abtain an ) 777777
approx imat o of the gap prodyced. Se 7

Assyme h = 3in. =0.25 H= 2 = 01671 Pty =157 psiq,
and W/A <<&h. That /3, the W&/',r,'/h[ of Fhe card /s mych Jess than
the weight of the water in he glass (c.e, W<<¥Ah).

Hence, from Eq (4):

b
Y = Ih - 52,44;':1( 0.25 f4)
A ( Faim —¥h ) Hy [(/%77%)(16‘%) -62,‘/_{(*% (0.258) (0./67ft)

or
AH = 0.00/24 f# = 0.0/49 n.

This is apparenly a small enovgh gap fo allow surface fonsion fo keep the
waler in 1he glass,air svtof if, and the pressvre at the wafer —cand
inferface low enovgh to kesp the card m place.

-25




2.29

2.29  The inverted U-tube manometer of Fig.
P229 contains oil (SG = 0.9) and water as
shown. The pressure differential between pipes
A and B, p, — pg, is —5 kPa. Determine the
differential reading, A.

BFIGURE P2.2’9
b - Vo (Qim)v“éo’;/ (L) + %o (0.3m) =4,

Thus
)/ﬁ _ (Fa-8) + S, (0.2m) = ¥ (03m)
| - Yoil

ff.v:/o':—"-”’z - (‘i.xox/o}g-’;)/o.w)

- 3
g.95 <102,

-

= O 449 m

A-26




2.31

2.3} A piston having a cross-sectional area of
0.07 m? is located in a cylinder containing water
as shown in Fig. P2.3] . An open U-tube manom-
eter is connected to the cylinder as shown. For
h, = 60 mm and h = 100 mm, what is the value
of the applied force, P, acting on the piston? The
weight of the piston is negligible.

For €jx/'//$/*/}/m ) F= /f; A’f’ Where

Piston

/ Mercury

" FIGURE P2.31

g /s The pressure acting

on piston and Ay 15 The area of the pPiston. Also,

‘#'f’bﬂ ’%‘,—b"ézo

P Mo Ky

or

e % 4

= (1335 24)( 0.100m) - (18024 ) 0.000m)

Ve /]
127 RV

I

Th L(s}

P = [/;2,7 X 103..”;”:1 )(0.07 m‘) = Y¥I N

A-27
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2.32  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

Water

@
4—5

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

the differential reading shown? . ;r’
in.
t

S U R —— e i e — .

FIGURE P2.32

32 - 5 S (3 =
v BB e - £, (40 1
, /wbere b’}; /s The .5,0?6//9'( wf:}l; P a/ 7he qage Fluid )

Thus, , |
19[5 N B.). — Jgy (& #2) sin 30°
= 1 ™ b ) Ib
= (0.6 E.*)("“*ﬁ},) - Q.A)/éz,sﬁ;ﬁ) £ 5)(05) =325 Fr
o 323/ i It = 0.224 Pse
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

F/owmezéer

’f_/ﬁ’,’( (water] 4, = A j

XM

Let P and /A be pressures at /m;sure -/a/as.
Write rmanometer 24 wuetion bebween P and p, Thus,

Por Yo (h k) -3‘{K —b‘Hw-—Q,, =4

. Hzo ¢
so That ;. b4, : (0'5 ;_{f} )(Iw_’éi)
U4t = Vuzo iz £, - b2y &

= (45 ft

223




A. 34

2.34%  Small differences in gas pressures are
commonly measured with a micromanometer of
© the type illustrated in Fig. P2.3Y4. 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, A4,, containing a
liquid of specific weight, y,. When a differential
gas pressure, p, — p,, is applied a differential
reading, h, 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 4 and p, — p, when the
area ratio A,/ A, is small, and show that the dif-
ferential reading, A, can be magnified by making
the difference in specific weights, y, — y,, small. ,/,‘ £

Assume that initially (with p, = p,) the fluid levels - 1
in the two reservoirs are equal. | - I S -
‘ R 1nitaal | 'm_”w'fL_A‘a_
level T g o Ah J T Tramd o T
"«f_ ot ‘:(’(:,: """",.L
LY )\,‘ 8 TRTIEST N X

mitial Jevel -
for gage Fhucl

l!//m G d:‘%rmém'/ pressure, ﬁ-«f;) L5 ap/;};'ed we assyme thel level in left-

Veservoir dreps by a  distance, An, and right jevel vises by AN Thus,

THe t72gmemeter egmzé/m becomes

Fry(d+A-ah) 44 - % (£ +4h)=+4
F-4 - 2;_,2_3',{-}— Y (2 44.) | 7

Since The /:Zm/; in The manometer are ncompressible,

44 A, = 24 or 24h - A

and it ,%ﬁ' Is smal)l Then 2bh <<  and |ast term in Eg.(l)
Can be heglected. Thus,

-4 = (a;")r/ )£

or

or % i ’P, - /P,_.
) Xn - bf, .
and larje valavs of h can be obtained fov Smal] pressure

diffeventials £ S~ 15 Swmall,

: ,\;2_27 :




2.35

238
in Fig. P2.35 contai
uid density is 800k

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.

a) Let

and | |
: Va}, : ‘ZO«IQPQ

Thus,

The cyclindrical tank with hemispherical ends shown
ns a volatile liquid and its vapor. The lig-
g/m?, and its vapor density is negligible.
The pressure in the vapor is 120 kPa (abs), and the atmospheric ..

o{: ‘t%und .

= 190 2a A

L 1

W FIGURE P2.35

i

= BICHEN

2. “03% 3)( U

Open

Mercury

- N
)= 7350,;;3

R () -

o

>~

’ gan




2.36

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

1m : s =

o
’P) - 3;2043‘ + [SG)CY#;O (Olf,m) + )

l
S/nce 1:7‘ = ,/JL;O

*20

A= O %m -~ [0,9)/0.4”4) < 0. 040 /m

(- 0.4me) + Y, (8h):

2.27
dpen Open

237 For the configuration shown in Fig. 3
P2.37 what must be the value of the specific
weight of the unknown fluid? Express your an- . e —
swer in lb/ft>, 5.5 in. . o

2 n

e 3.3 in
1.4 in. @8
7 R

‘ FIGURE P2.37
let ¥ be specifii weight of unknown HFluid. Then,

3;20 [(55‘—/4)7[‘] [(33 M)H] #20[6‘?33’)#

!l

‘//--IL
Y

and

Y= [(55 1.9)-(‘3"?-"33)]/”
(33— 14)in

_ 1
= 21 %2,

A=31
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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-
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

Shell

FIGURE P2.3§

let: ~ absolute a1l pressure inside shell = AZ} (0.765m )

A

aéfm"’ surface az‘mwﬁhemc pressure
XSw— ~ specitic weght of seawnter

Thus, manemeter eguation con be written as

%Zfrm i a.;w- (/0”") * a.;w- (/0 360’”’) - 8’;‘5 (0.7354»«) = ﬁ_
Jo That

= £ - X (10,3 m) + %‘; [0.735-m)

(133 ;;—43’)/0,76;,,,,) - (le.1 —fnivg)//o, 36m) + (133 %ﬁ)(anm)

Tetm

{1

|

749 £R

"3 2
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2.39* 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- V
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 the trapped air remains constant. ~ - FIG URE PZ.%‘i

With The valve closed and « Pressare//:?/ a/,a//'ed/

s

1f- B -R
g

Wheve 77 and 7‘1 are  g44€ pressures. for /5;7710/»94/
wm/oresszba of ta pped air

P = constnt

So Tt for consrt air mass
AR

Where V- 15 air volume , P oI5 absolyte pressuve, and ¢
vefer fo  initial and friel states respectively, Thus,

Be Y7 (B o )Y

for ai- Frapped in Vl:ylli' /ej/ 'i?j.: 1{ 64;*(4. of /«ée)
E3.(2) Can be writfen as

/gc'
a’fzfm[%_@_ -

L

-y £

or

Substitute 55.13) 107 .Eg (1) 4o obtuin
- -/—- ‘gc'

(2 a

)

and 1

c2)

so That

(3)

(4)

(cont)

2-33




239 % (Cont)

Egluémn (%) Can be expressed in Te Form

2 + + 72 et 2.4 zc' -
(A,,Q)_ (JLKLWP .L_a_:H;é.)Akd— 2’_‘7 o
md The poots of This Zaac/m#c e’ﬁaaﬁw}r are
sh= (4 + 4 **"'") U(% . z m«) 244,

O g

Jo  evaluate A;Q The nej‘w‘:u .5'17;1 /s used sipece dh=0 for @:O'
Tabulated values sf 84 for verious values of P Are given

anA b/“'_j_— /33 éﬁ//ma) A Plot of ne sata Fa//ows

hi patm th Pq Ah(h; = 0) Ah(h=0.025) Ah(h=0.05) Ah(h=0.075) Ah(h=@. 0
{(m) (kPa)  (kN/m3)  (kPa) (m) (m) (m) (m) (m)
0.025 101 133 0 0 0 0 0 0
0.05 101 133 30 0 0.0110 0.0212 0.0306 0.0394
0.075 101 133 60 0 0.0182 0.0354 0.0517 0.0672
0.1 101 133 20 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
0.16
/ h; =0.10
0.14 ‘ ‘ '
0.12 : = ;
hi = 00 5
0.1 / /—/ — | :
E Y L~
/—'—‘-———_—_‘ l .
0.06 e I
0.04 / // k
: // /' h;=0.025
/—-7
0.02 - ="
Aég:;/’ h=0
0
0 50 100 150 200 250 300 350
pg, kPa

In t1he ﬁ/lown’g duble Sor di Plevens velues of ~7L (w,-ﬂ. 13 ._)a;l,/e&

2-3%
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2.Y0  The differential mercury manometer of
Fig. P2.44 is connected to pipe A containing gas-
oline (SG = 0.65). and to pipe B containing
water. Determine the differential reading. 4. cor-
responding to a pressure in A of 20 kPa and a
vaguum of 150 mm Hg in B.

FIGURE P24p

/Pg t b;éS (0’.3/»,1-4) - Xug"‘g f 3/120/0,30714-%) =P13

7},‘/5) ,ﬁ : 'Pd. "'PB + a'lﬂs [0,3,»,) -+ &'HZD /0,3/»:)

F#J - érjas - 8”10

where f; = -—é/:? /o,/fom-)/ 50 That

4 - 20 4R~ [(332%) (0. 150m) ] + (0.66)(9.81 B (03m) (9.{(0%';%3,‘)
-iid &n AN o
133 75— 0.65)(7.8 2 ) - 9.80 2

= 0,384 m

2-35
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2.4 A 6-in--diameter piston is located within a cylinder - - o
which is connected to a §-in.-diameter inclined-tube manometer W AL (2)

as shown in Fig. P2.41. The fluid in the cylinder and the ma- P
nometer is oil (specific weight = 59 1b/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:

E FIGURE P2.4]

With piston alone [et pressure on face of piston = Py > and
manemeter eguation becomes

5, - %, £ 5in 30° = (r)
/

W'th  weight added  pressure 7; /ncreases o A here
/ \/V .
A 7;9 T A (Ap~ area of piston)
and rmanemeter -@j!awézba becomes
7?"' =&/ (H+ B R) 5 30° =0 ‘2)
Subtrmct g 11) From £3.02) fo obtain

Bimth = Gy (E )30t =0

Y
er \A'/__.. = a;"j /;‘f_ -ﬁf) $I31 30°
Ap

So ﬂu* /

—————-—W = é‘?ﬁa (745;_7&)[0:5')

/e %

773 #)
Anc

W = 2.90 /
236
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2.42  The manometer fluid in the manometer of Fig. P2.42
has a specific gravity of 3.46. Pipes A and B both contain water.
If the pressure in pipe A is decreased by 1.3 psi and the pressure
in pipe B increases by 0.9 psi, determine the new differential T Wate’a..T

reading of the manometer.
_5L Gage fluid

(SG = 3.46)

m FIGURE P2.42
For 71he inital c@ﬁf/jw'ﬂf/éw s | |

'g,-f-é’ [2)#’75/2)“%2():’% (/)
wheve a// /pnjm: are In FE. When P decreases to a nd

7; /neveases o )b The  heights 07‘ The Fluid columns change
as shewn on ﬁgure For The +1hal contiguratios

//DA /ﬁo /4‘4) + J;,f {3*24-)~5;20 (/-1-@) = ¢>Bl

(2)
Subtract Egl?) Lrom Ez.(1) 4 obtuin

{ 1
KR P A PR A

(H-%')= (% -#)
5/)766/ 6-6/: /'3 f’f"—‘/

or

@_ﬁalr ‘5«7/”5" and %;7[: 31“)3;.20
/—-(9‘7“' )//'M& ) (13 /é )//“‘JL
02(424"&)(/"3"“’) e

Gna  There fore
Lh=3At+raa = 2K +2(/03 #) = Yot

2-37
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2.43 In Fig. P2.43 pipe A contains gasoline
(SG = 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
is 0.30 m as shown.

FIGURE P2.43

by the inihal Con//jura-émn s
Pyt dﬂf” [0,3m) — a* (0.3m) - %, (0. %) = (1)

With a decrease tn 75 to ,b Gage Fluid Jevels change #s
Shown on 7[/7“"3 771us for ‘//;nal ean//jamz‘mu N

7%+%/e9.3-4)-&”#? (4h) -3, (0.4 +a) =/?3 €2

wheve all lengths are in m . Subfract Egl2) From Eg.(1) +
obtaln,

!
e).‘eq“‘dzfuw‘) '"3' (0.3 -4h) + &y a) =o ()

J/hc‘e A& +4h =03 (54?: -//Jure) Then
2

ana 7rom fj.‘i'}

L, 0.3-4hY 2-4h ) =
Tt )}xfs (33)- 37!3 (0.3-ah) + dhis [ 25 ) °
ThMS) i
44 - H-+ + J"WS (0-/5') “a‘y} /0,3) + & (0.15)
"‘)2‘04. &g + 2l

2
and wiTh fy —f;,' =254 P,.

1) - 2525 (o1 (7.51 2 Yo 5m) ~ (133 B No3m) + (0 7)4.81% )ﬁm.‘
— 33 2 (0106w Y, ) 4 (29)(5.91 2)
2 A -~

—

O, /60 m

A-33
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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- <l
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, 0.

4

1

Carbon
tetrachloride

FIGURE P2.44

When ﬁ ‘PB /s [ncreased to ;9}/‘7‘55, the JefL colymn falls a
d/sﬁime a, and The Fignt tolumn vises « distance b along
1He /nc/med tube 45 shoun in Houre . For This final Clonfiguration :

+ 5;, (‘ﬁi"‘a) - XC(Q,f (a; +b s/'né)-— Xér (ﬁa “‘[95!?19)=’/;'Bl

or
P + (3" Ccﬂ )(a: +bsm9) O (/)
The c/‘ﬁferm-[/a/ read/hﬁj Ah) a/ony The tube s
Ah: 3‘/—2:'5 'I*b

Thus, +rom &7.0)

B =ty + [8,- Vet )/4/1 sine ) =o
°r _ — (fi"‘ 75/31)
(B2, )(Ah)

/
5./[7@ - (o )1 2 )

= O, 46l
[(l.l)(él#ét‘,)~ 7"7.5;*% (% -Pt>
,ﬁy A}\ = [2 I'YJ»
Thus)
6=278
| 2-39




Y5

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 A has a specific gravity
of 0.9 and the fluid in B is water.

FIGURE P245

For The initia/ Ccon//j‘umévén '
o+ yl00)+ 7 (6.05 sin 30°) - a;iw[o,ag)-.ﬁs ()

wheve all lengths ave in m . Lhen p  decreases left column

Mmoyes wp & distance, &, and wght olumn moves down
a distarce ,a, as showh in flgare. for The final configuratics

ﬁ}'* b;; (o, -4-5/'*13‘0’) + 3’#; (a sm30° + 0.05 sin 30’-:—4)—
U, (0.08+a) = 4 (2)

'
lhere 7354 1s The new pressure in /bf/oz A.
Subtract Eg.(2) from Eg.ll) 4o obtain

‘a "9.)‘ + B;‘ (a., sin 30") - 37,; a (51;4 30°+1) + XH,,O(Q) =0
Thus
/ - [PA"’PA_,)

¥a Sin3o0° - B/H? (sin30°+1) + XH’:O
For f:‘}_ﬁ)': /o %Fa_

-0 =/

Qa =

i

a

(0.4)(4.3] fﬁ) (o5) - (133 2% )/o.s'w) R

- 0., 05%0 m

New diffevential V\?adm% AhJ measured a/on7 inchned Fule 1's
QZual to

= : + 0,
Ah Sin 30° o8+ a
— O, 05
= -——-Mf 0.05m+ 0.05%m = O.2/2 m
A~40
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2.46 Determine the change in the elevation e
of the mercury in the left leg of the manometer
of Fig. P2.46 as a result of an increase in pressure

Qil (SG = 0.9)

of 5 psi in pipe A while the pressure in pipe B vea=hy - 1 ‘m. ‘
; remains constant. a TE ‘I(b
. Sz n diameter
lin. = = " A’Yea.‘ AZ

FIGURE P2.46

Fovr the initial Cepmf/g'amz/:érl J

ot Oy o () a"*o‘l (n a1 30°) = &%) (L'z) =/% o

Where all /Enjﬂﬂs are in £t . When & Increases +o ;D 7he
left column +alls by The cdistance ,a, and The r‘/jhi eolum n

moves up The distance, b, as leuw in The figure. Ry The
7C/n4/ Conty g#mﬂ,‘wﬂ

¢

«ﬁ.,.b;‘a (-/—éi-d,) /d-i' ,25//1130-;-[9.5“130)—‘

5oy (- & 5in70) - B (2
Subtract Ez,(/) Frem EZ’,(Z) to obtain

-ﬂ, b;/z /4-)— (/4+bsm30 m [Lsm:‘}o) =0 (3)
Since The volume of /’Z“"‘j mus/' be emann-é Aa = A b,

or : /jz’”-.) 4 _[—l;ln.)é

So That b=Ha
Thas, E9.(3) Can be wriHen 4s
Py - By + J&za (a) - b‘#’ (@ +%a sm30°) + &, (4a sih30°) =0

anHd
- (4 - #4 ) . (5 (/‘*‘* )
S0 = 3’;4} (3) +4,,(2) qﬁg-(«?‘ﬂ ;ta>(3)f(aq)[¢z ",&%a)(")

11

0.304 £t (down)

'

2-4
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¥
2.47 The U-shaped tube shown in Fig. P2.47 initially contains ( 1) v (Z)
water only. A second liquid with specific weight, v, less than I
water is placed on top of the water with no mixing occurring, D =150 B .
Can the height, A, of the second liquid be adjusted so that the e TR b,

left and right levels are at the same height? Provide proof of Water—die
your answer.

B FIGURE P2.47

The pressdre 6+ point (1) must  be eﬁual +o
the pressuve at punt (2) Sice Tne pressuves
ot equal elevations 1n a  Contmuous mMass
of £lud /Must be The same, Since,

R=h
£ h

Hy 0
777!.5( 4‘!4/0 pressyrves Can &”/7 be egqql 1'7[)
¥ = b/uzo . Since ¥F# ¥y,, The Con ﬁjam?’van
Jhown 1n The #jlare Is hnot possible. MNe.

an L

A4 2
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248 Concrete is poured into the forms as shown in Fig. :
P248 to produce a set of steps. Determine the weight of the ’
sandbag needed to keep the bottomless forms from lifting off — ,

the ground. The weight of the forms is 85 Ib, and the specific
weight of the concrete is 150 Ib/ft>.

_—==10in. tread
® FIGURE P2.%3

W,

’_F'rom The free- éac/y - dia gram . |
G@Z Fy=o _ [% Ty
Wrl+ W-fhzo () |%

lWhere ! |
U, = weght of sqndbag Tﬁ,A
W, > weiht of Concrete
% = We(y/f't of forms
2 = pressyre a[b/;j Yo Hom 5117}4'6( due Zo L’am:reie
4 = aree of bottem surface

From The dete g1ven :
X, - (ém'ﬁaﬂ/%[aw ete) ' |
’ = ég‘o -—Zi)(;ﬁ) f:ffﬂ/h.,(.zf-/)y.) + 60//1-)06/}1-) 7 //o /}I-)(X /n.)]
A

1#¢ 2,

= /500 kb
W = £5 U )
2y =150 £, )(Z#)= 300 Z.
2
A = (32p)(342)= 7541
Thas, from Eg. (1)
7% = (700 ﬁz)(Zb"HZ) — /500 lb - 85/4
= bbs b

A4 3

Open bottom
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2.9 A rectangular gate having a width of 5
ft is located in the sloping side of a tank as shown
in Fig. P2.49. The gate is hinged along its top
edge and is held in position by the force P. Fric-
tion at the hinge and the weight of the gate can P Gate

be neglected. Determine the required value of P. 6 ft

5 60"  FIGURE P2.4%
Hy

Fe= Ke A wheve 4, = (3 #) sin 6o°

O;__\,,u_ﬁ
Thus, Fr
. g (y -
Fr = (@2#;%3)//3 ££) 310 bo° (& £ « 552) > \(3k lo) £
= d/ /00 b
Also T )l L3
>y Lxe Loy L (6 #t) (e fe) L BE = r3aafe

e =
Ie A T (13 e ptastr)
ZM,=o |
Thas) /fq.[(y/e ~/0) ./f] = P (¢+¢)
So Thet . -
a P__: /&///00 /b):/ZBH /Of't) — /// ,7‘00/4

A4 4
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2.50 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:?r « ")lro Yf&uH‘un'l. {or‘ce

F'RS = FRF ; = f;::;}:k
o s(e;mm o )
- 5) P2
X.S ’2'65 AS h Xf Kc{. A‘F 'Tm -

Thus, for 4 umt lengtu of wall -l FRs
VR AR s d R Ed et
(0.0 RY Y (T2 (1 1) = (30 2)(R )Rk 1
o That
’ «&= 101 m

Tn ovder for momeal to be Yoo, Bl and Feg must be Collinear,

OY RET WGPty
w1
N

For Fes': Lxe + '1"5.("‘“‘)(7"“)3 1 :
T e = * —m = Y47
yﬁ ?‘A ¢ L%m}(’lm&lm) . -

Similarly for Fry!
- 7-,!. (lm)("l.llm)z
e

(Z2tm) (Z1a x1m)
7},“51 ‘f‘h( C".ﬁh"ft t) FRS -/{yom ﬂ)e 60*"00’) (P”I;l'; 0) ‘s
T — $670m = 2.320m . For Fé»( This  distance s

-+ Z’{.‘m = %7‘*:\44

Mo,

T~ 4. 74me = 2.37m . The forces are not Eolhnear.

=45
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251 A large, open tank contains water and is connected to

a 6-ft diameter conduit as shown in Fig. P2.5}. A circular plug Open
is used to seal the conduit. Determine the magnitude, direction, "T
and location of the force of the water on the plug. 6 6 ft

m FIGURE P2.5)

£, = JACA ;.-(éZ#ﬁ,)(/fo)(g)/évCé)z: Z 1, 200 /b

Tye . T (3#} _ ¥
;(R: }::Z‘ + JMC whgyz IXC - % - égéﬁf
777145, 7
;I - %Téﬁ) + 124t = /2.19
IR (1 )T (70)* ——

7776 ékc:c o‘/ .;Z//,ZDO/A acts 1219 £t below The
water surface and 45 perpendicalar tfo The plug
Surface as Shown.

A-46
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252 A homogeneous, 4-ft-wide, 8-ft-long rectangular gate
weighing 800 1b is held in place by a horizontal flexible cable
as shown in Fig. P2.52. Water acts against the gate which is
hinged at point A. Friction in the hinge is negligible. Determine
the tension in the cable. :

FK = b//)‘A there Ac= [‘_;_Q") sin 60°

Thus, .
£ = (layl, (8 ) sute)(Lex vi2)
= 3890 /b

7o locate Fr,
Lye
7/? = + 56 w /18;'5 gc = j/{.

4. A
So 7%
o THE | b )ir)”

Tr (3 ££) (LA HR)

+ 3fL = 4o H

For eia}//'ér}am)
Z—MU =0

T (88 )5inbo?) = 9 (456 (tostr) + K, (2 42)

e (300 Ib) (44t tos 60°) + G390 Ib) (2 )
- (8 A ) (sin é0°)

and

= /350 /A

2-47
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2.54  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 Ib/ft*. The side slopes upward making an
" angle of 60° with the horizontal. The base of the 1
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. 1

.\
el B

Je ~(51‘n [,p") # é) #
= Jd0.43 Ft

-fc = % 5{,,, bo® : Center of

pPressure

G- ¥ A A = (19.2 ;-;3[40. 5 £8) sin 6o (421272
= 33 900 /b

- I ¢ 3
Yo = Y where Ly, = 3-14_ (6t)(s4¢)
e A
Th 3
Ys , ? - ‘é‘é[éﬂ)(fﬁ) ¥ 2o.y3 -,ff = 30 -)Ci
£ 36 :

(Q0.43FE)(3 )(¢ Ftxtft)

The 74"56/ /‘;I’ acts 77”‘94{7/7 7716 center o/ Pi?s,wre a/é/c/y

(s located « distance of ﬁ?o H o= 20,6 A = 4 f
57k 60° i

above The ﬁ;ase o?é 771g 79*‘/'4;7/5’_ es Shown n sketch,

s




2.55

2.55 Solve Problem 2.54 if the isosceles triangle is replaced
with a right triangle having the same base width and altitude as
the isosceles triangle.

= = 33 900 /b
5/: 2.uq £4

(See solution o
Froblem 2.54 )

L Center o £
Préssure

g_l

.. Ixye V
),6/3‘ W *t X (Ez, 2,20)

wkera

s |
Tuye = (6F)CER) 5, 1

T2
and gc:' 20,43 f£ [see solution o Problew 2.54)

see Fig. 2,18 d
(see Fi )

77"“5) | 32 £

Xp = -+
R (10,43 £ ) )(¢ ftgyft)

é’& = 2,07 £t

[he ércelﬁ; , acts Through The center of pressure tiTu

Coordinates .)6/2= 2,07 £t aad J’: 249 Ft (see Jkekl;),

_2;9q




2.50 l

2.5 A vertical plane area having the shape PU— mm’I& 4m
shown in Fig. P2.56 is immersed in an oil bath l —*.‘
(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 avea inte +wo par-/s as shown In F1gure.
For area [ .

F;I'T 3”&,/4:

= (3.75 L) 22 )tm xtam) =250 4

@z’ a’zcz Az_
: (5{7;%)(‘%”5)[-;:)(9-,:"»(44,«) = §334N

Fr=Ft By = Agohv v 7334w = 373N

A-50
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' 2.57 A 3-m-wide, 8-m-high rectangular gate is located at the L"-:::_:-‘“:7;::-3-'-‘,—7-:-:—:-? ~~~~~ Enoyd en
end of a rectangular passage that is connected to a large open ' e

tank filled with water as shown in Fig. P2.57. The gate is Sl
hinged at its bottom and held closed by a horizontal force, Fy, .
located at the center of the gate, The maximum value for ‘ -

4,
i
N

<

Fpis 3500 kN. (a) Determine the maximum water depth, h,
above the center of the gate that can exist without the gate

opening. (b) Is the answer the same if the gate is hinged at the
top? Explain your answer.

BRFIGURE P2.57

ﬁﬁ.-le hln.QPd at ég_‘f_f__cz_rﬂ_
2 My =o
So Thet 3#—
(17[””) FH = /Z FR (ﬁee acl‘jurfe) (/)

an

(3.90 X 24 4, ) LN
D= IM*? = ’_!;"(3"")&”")3+£
- Je A ¢ S (Bmx§m)
= 523 + 4
Th?&m)- hovy = (BEh) = 4= 5T

And +rom Eg.[1)

(4 m) (3500 &p) = (4- & 5’3) 7.90 x 24)(}) +H
so That

= /b2 m-

(C'on‘f: )

Fg*a’/l A [780 )(&)(5/1")(3’/»1) __m_'L Fr fle— Fu

R
L Q=g
Hy
A= h+4 =Yg

AT




2.57

( Cont)

tohere

For gate h/,y'qed at __'}f_g_

> My =o

Se That

(4m) 5, = b Fe  (see figare) (1)

0= Ypm G-u) = (23 44) = (4]

_ 533
= 227
= 4

'Qt= S (h-4)

Thus, Ffrom Eg. (1)

(Yom) (3500 4K) = (.5_"%3-3+9)/?.3’ox24)&) 2N

Ond
4 = /3.5 m

/Wﬂxmmm de,pﬂl 'ﬂor gazf-t Am'yed at 4“9P /3
less Than maeximam depTh Ly j‘afc hingea at
Yo Hem .

L3

%
]
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2.68 A gate having the cross section shown
in Fig. P2.5% closes an opening 5 ft wide and 4 ft
hish in a water reservoir. The gate weighs 500 ib
and its center of gravity is 1 ft to the left of AC
and 2 ft above BC. Determine the horizontal re-
action that is developed on the gate at C.

Thus, ,
Fi=lozu £, )(10ft)(5 £t « 5te) | r3 8k

= 15,400 Ib

T locate F;

Ez@rlc/ AI UABY‘C ‘£¢‘ = XQTZ-H = ___;7 T

J
L

y’ T —— X< + gﬂl
Yer A,

£t

where Yy, = £

e +2.5H =12,54
z
So 7That ; 3
L (see)(sfe) + 105 FE TIAL7 £
! (12.5# Wsftx SFt)
A»/So)
s hh  Whre h=  (2fress)
So at

Ae Y, (2r)(4) - (2.4 2, V12 42) (5 fexshe) = 11, 230 Ib

For eg wilibrim ,

Z M,=0
and E [y - %ﬁf) + WOI#t) = E(L)(3+) — F (4£2)
So ﬂuf d
(15600 16)(12.61 £ 1o ft) + (500 ) (1F£) ~ (i1, 230 B)(Z$2) |
3 = > = b33 b
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259 The massless, 4-ft-wide gate shown in Fig. P2.59 piv-
ots about the frictionless hinge O. It is held in place by the 2000

S

1b counterweight, W. Determine the water depth, h.

%3: (32000 Ib ) (3FH)
(bz4le YV A)

1=

5 24L¢

ﬁ,ér ?(A-_/‘ Where h, —2—
Thus,
h
Fe 8,3 (b
= blll,_o _Ig:z(f‘)c't)
o / ]
/ fﬁ”@l_f% L))
r= At B (k) *
= %
For egiiikbriim,
=ZM, =0
/t'é A = Z}/g’f%) there
Se 'f'])mf- S
h ( 2000 16 ) (3 #2)
g (bﬂﬂzo)(-zz)@ /’"If‘)
Thus,

d=A-Y= 2
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2.66% A 200-Ib homogeneous gate of 10-ft.
width and 5-ft length is hinged at point A and
held in place by a 12-ft-long brace as shown in
Fig. P2.60. As the bottom of the brace is moved
to the right, the water level remains at the top of
the gate. The line of action of the force that the
brace exerts on the gate is along the brace. (a)
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:
60— 0.

a) For 1he tree- body - diigram of The
gate (see frpqre ),

ZF, =0
So That
FA(%) + %{’% ¢oso) =(F,; Cos 46)/,05156) -I'/F"e 5/54‘){,0&,_;5) (1)

Also,

Asind =L sin ¢ (assuming hinge and end of

brace at same elevetion )
or /Q. .
S/n ?S: T S é

and

Berhd~ v A5)(00)
where w 5 The 54:43 wid7h Tﬁ&lsl Ef. (1) e4n be ur;)?eqr as

,03
X(Z_X5,,,9>k)- + 0"(.!_5{ Cos6 = F"aj(f&$¢él;lé+su; ¢(30.$6)

So  That
2 2
o (e Woesse (L) bye + Y
B~ =
- N (2)
Cos¢55149+5m45c¢$9 . Cos & tan 6 7‘;5’1'45
For ¥=ez.4 /ft>, L=5#, w=ioft, and W = 200/b,
(62.4 £,)(5£)2 (1042) b '
Féz “tz’)i )//_o_/t fano » z,gg__ ) 2boo Fanb + 100
: ‘ (3
Cosp fand +5in b C sghme v g
(con't)

2._5_5




2.00% (Céﬂ'f )
Sl‘nkfe sin ¢ = -é Sind gnd L= 5jcf/ L=72F
=N

and for a4 9tn é, @ Gn be determined. Thus, Eg.(3)
Can  be ased H determine Fé for 4 Glven 8.

(b) For W=0, £E49.(3) reduces ts

fp = Z2éoo fand ()
Cosg fun® + sind
and £914) can be used +o determine /:,:3 hr a
given &. Tabuladed data oF 5 vs & For
WIh D =200lb and Ws=0 b ave given below.

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

90.0 2843 2843
85.0 2745 2736
80.0 2651 2633
75.0 2563 2536
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

/-F plst of +he data 15 given on The
Following page.

(500 2')

A-56



260 | Ceon't)
4500 e
4000 —
3500
3000
2500
2000
1500
1000
500
0

Force, Ib

W=0Ib

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Theta, deg

(b) (coni)

As %0 e yalue of B oy be dez.‘fr/»me;( From Eg. (i-j}
260> tand
Cosd tan6 +sing

8

Since
51»¢ N Siné
It follows That

cosp=V /- sinp = V- [-f_'ﬁ/}fé

and There bre

2600 7anb 2600

V, (6") 510 %8 ﬁn& fm.--:m& [67_)’” o + s”wg

Thusl 4s 6o

I

EF — £éo0 — = [ P40 Y/
57 T g
/

%4/5/(4// This result  mesns Trat hr 6= O, The value of F

/~5 Iﬂdeﬁk/mﬂﬂf! bui' 16? ﬁﬂy Vw-g Small " w/ue o;[ 3 F
wil/ a/D,orwrc/v /5’4‘0/6

L-57
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2.62 A 4-ft by 3-ft massless rectangular gate is used to close
the end of the water tank shown in Fig. P2.62. A 200 1b 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 €.

M FIGURE P2.62

Fz ¥h A wheve bz 25 (s Ro 2.18)
Thus A Hy
Fe= & Hz0 ( )(WR ) - §

ﬂz%ﬂf-ﬁ 37 )( (ZH:)

Py
[ d

= 333 |}, —;:
Te Ioc,a.i'e. FR) .\L
= t'Xc.
SR. 3C,A' T+ 5(',
) g
= ?L;::%R;. + %S (59: Fig 2.18) letﬂ;*ﬂp_
(37)(=¥)
(w [ (2 ££)* 3T s
2.
FoY egu.cll.bh.um )
‘ z l\qH_ =0
So That
%0- = (‘ ft + HR)
and
0 = stglb)(lﬂ:+ L1 £+) - 3.]‘,3.[;&
200 lb

2-59
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v % I
2.63 A rectangular gate that is 2 m wide is 7 Water T T
located in the vertical wall of a tank containing 10'm é
water as shown in Fig. P2.63. It is desired to have é Y Y
the gate open automatically when the depth of —f— <

water above the top of the gate reaches 10 m. (a)
At what distance, d, should the frictionless hor- a'm
izontal shaft be located? (b) What is the magni-

tude of the force on the gate when it opens?

.
L

»h

FIGURE P2.63

(a) Rs depth increases the certer of pressuve tmoves toward The centroid
of the jaiﬁ. Lf we locate hihge at Ye when depth =lom+d,

the gate will open automatically for any Further sncrease in deptn.

55 (& 4
7R - _Iﬁxi_ -+ yc = o 3 m M) + /2/”'; = I;:’Iﬂ’"
4. A (12 ) (2 % 4m)
+hen '

d

H

Yo~ 1Om = Idlan = 10m = 2,1 pm

() For The depth shown,

G YA A = (10040 Y iam) o x k) = g4) kN

A= 60
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e

D264 A thin 4-ft-wide, right-angle gate with negligible mass
is free to pivot about a frictionléss hinge at point O, as shown
in Fig. P2.64. 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. :

Width =4 ft

Right-angle gate

Hinge

W FIGURE P2.64

ﬁr,egu;‘/lflﬁzmélﬁ S SRS B NN SRR | S N R
ZM EP : - Fe
/‘ x %/(z Eezsz Ty | o

S
<
T
R

- (&Zlf i‘&5)( ( bit xh)

= j25 h* | ‘ N
For ﬂle Qrz: on The /wmami'a/ portion of The gake
 (whieh s balanced by pressure on botn sx'd?s“excepé
for The area of the p/pe)

o =¥eh
Thus, from Eg. ) it £,=}§'-14m L=3/
025/3 )(_‘) ) Ve i R

helsst

"k




2.65 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. ’ 0 5‘1
i/ e, WI_‘, .
Use The ConCe/al of The fressumc ‘ ZZ® '1'" ™
f)m:sn'n (59e -F/jqre), /(1 " T
Fra X t T
-y A A water T )
1 Teyp i - é. = 2o
S0 That &3, / ’ ;
=( )/ é{WMW, Y A— .l l
(0,8 7,8'/,”’3 5 {m L 2m) s N ,

—

= 7.85 VY let wf“wl.dfﬁ = dom
frq= -;6Az, Where 7 Is pressure ot deptn b, . Thus,

Rz‘{ o;/A)(ﬁsz‘) (08)(78/ ){lm)('zMXZM)—;?/l}..éA/
Also,

523: a;,tzo '£c3 ’43 So Thet

BGs= gy (P2 )(hnir) = (1.80 22 Y2 ) am xam) = 3.2 b

Thus,
o™ Byt Ry thp = T7.854N * 314 hN + 39.2 N = 18.54N

To locate /,:; Sum meomeaks around aiis fhrau?}) 9, 50 That

Féa;-'-’ﬁ;,a;-rgzd ~"'F-Rz,“b (7)

where dy 15 distance 40 Fo. Since By, B Jand by act Through
The Centre;ds of Therr respective pressuve prisms it fellows Thad

/=-——(/M) ) t/z~ /M'flm—im) dszlm‘l'-—%’(zm)

and from 57 a
(7. 8548 (2) (1) +(3). 440 )(2m) (39.24n)(1m+ ')

785 AN

2.03 m  (below éil free Surface )

il

2=k 2




2.L6% (Cont)

*2.66  Anopen rectangular settling tank contains a liquid 2.0 12.3
- 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
32 13.0
‘ 3.6 13.1
h (m) v (KN/ ms) L e .-
0 | 100
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 11.3 erts on a vertical wall of the tank that is 6 m wide. The depth
of fluid in the tank is 3.6 m.
The magnitude of The Fuid horce "y + ,
Cin be found by Summing The o Hevintias (I TITTII77,
‘é vees acting eon The harz7o}1fu/ strp showns Tak H
i The frqure. Thus,

P ” E J{
= JdE = b / dh 2 —
I3 / P
) £ /s ]‘_‘ ‘b —
Where p 15 The pressure at depty 4
lo find p we use Ep. 2.4

9t ._¥
dz
qnd with dg=-db

4
7‘:(&)-/0&’4% (z)

M

mf”?"‘”” /"’/e/ L€, I: _7-_/- Z/Z* C+1 )(JCL‘_“‘" xz‘)

ldh(’}"e 74) X) )(n.a «IF and .n = n=ulm be o;(‘ da«& Po/;ﬁf)'_
/he pressure distr butwn 15 Jiven below),

iZ“ul,,‘,;, €2) Can be //1-;‘-67;/4/1"( numevically usiis The

h, m Y, 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 1.3 16.62
2.0 12.3 21.34
24 127 26.34
2.8 12.9 31.46
3.2 13.0 36.64
3.6 13.1 41.86

(con )

2-L3




2L ¥ (con't) | | -

Eg‘tld«/'m‘n (/] Can now be m—:‘ejrg/-e/ humer:s a//j

L{.j//;y e *f‘)“albe 701‘4’4/ rule with jm'P drl{ XN*A ‘-.é)V
The apprex jmate Value of 7The " iqtegral is 7h07
7714{5', witn

e

14
J;se//; = 7107 &N

> o
53:/4;,,”)(7/.0715-3’) = Y28 AN

To locate o Sum moments about axis formed by 1otersectioy of
vertrcel wall and Hasd Surface. Thus,

H :
k {R = b f £ pak (3)
The nteqrand h:o, Can nNow ke determined and
1, 7
/S Twabulated &c/a@.

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
2.4 26.34 63.22
2.8 31.46 88.09
3.2 36.64 117.25
3.6 41.86 150.70

ﬂ«d/“l&'n [T) Can new be /'.'I'}'e?ra,f‘ecf HHMn?fl(q//f,

E X A, ]
LZ’//?J The ’/'7’4/1670}514/ rule wim Yo hp and ¥ h.

The qlbprox/md-c Value of 7he "hf'eym/ ps 17 44N

' H
Thus, wiTh f£Pd£= J7% 4 AN
0

iF follows  from Eg. (3) Thet

M .
£pd { &m )

2 . b fa XL . (Em)(174 4 40) 2 4
Fe

K26 Ly

R

The resultant force achs 244 m below £l Surface.

2-b ¢




2.67

2.67 The closed vessel of Fig. P2.47 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
water surface. Determine the minimum torque
that must be applied at the hinge to hold the gate
shut. Neglect the weight of the gate and friction
at the hinge.

6-in. diameter
gate

VI TLLLLLLLLILLL IS LLAAA IS,

_:._____¢ Y
[.gf /"7"' 14;*(1' due +o alr loft )
pressare, and £~ [orce Jue —l—
1‘0 hgdl’o&/ﬂllb Pressave f/ls'/'r; bution
Of water.
Thus,
. 2
A= ﬁur (ID )(N ) JL{ I%_‘Ft)
= 2183 I}
and
F, = X'QCA Where ﬁcf lo £t + —,‘7_(113)(7‘7.)7‘*]: lo.15 £
so that
B = (b2.y & )(/ol?ft)[”)[‘* Lt) = 124 )b
AJsa)
‘ =  Ixe . lo £t
(gkz W + lj[', ‘A)/’el"é 56 = 2 + “'l'i (—f:‘z‘Ff:) = “o,?l-ﬁ't
so that s
(TR ) .
. + 16,92 £ = 1L.92F¢t

(16.92 HNE) £ #)*
F'OV ezu':/.'bm'um/
2 My=e

oA £+
“ c=FE &)+ F (B~ /;,
T

(= (223 )L 1) + f1an b)(to12hu - 155) = foz seth

2
z
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2.68 Dams can vary from very large structures with curved
faces holding back water to great depths, as shown in Video
V2.3, to relatively small structures with plane faces as shown T
in Fig. P2.68. Assume that the concrete dam shown in Fig. P2.68
weighs 23.6 kN/m® and rests on a solid foundation. Determine Water
the minimum coefficient of friction between the dam and the 4m
foundation required to keep the dam from sliding at the water L
depth shown. You do not need to consider possible uplift along
the base. Base your analysis on a unit length of the dam.

/4 ’/////7//."/'/// /77777777777 777777777777 777777

FIGURE P2.1:3

F=&d A
= [ #m
where A= [ L )0
Se fha&' 9
Fo = (5.00 4 ) (222 ()
= loo 4N

Fék ezm‘/fér/.um )
Z Fx=o

or
/'l:(: S/‘n .5'/.3°= 5 = ?/l/ . wherc ’7 I d L’a?-r(a[/c':ll"ﬂi 07( /r/c,/'/aﬂ,
Also, _
g Z Fg *o
So 'fhaé

N =0/ + F, Ces 5/.3° Where

-

Y/ = (X@ncreée )(Vo/ume o Concreée)
Thas,

M= (23 :—i-"; Mzom3) +(100&N) cos 51.3° = s34 AN
and

7: /';5“" 5/.3° = (1004n) sih 513"

= o,/
N 3t A “"“*":Lé—
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2.69%

2.69 Water backs up behind a concrete dam
as shown in Fig. P2.6%; 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 tb/ft’.

FIGURE P2.69

A Free- Loda—c{iagmm of the daw is
shewn in the -[tgurc at The w’glrt} Where

F,’ }-{—;-.-p‘l . (for unit ‘Mgfu)

ow = 4,5)(0)) = 4ok, 8
R, = (X«Kf X—RT)Q

z

Re oy (R )2y YA,
= Smé 2 sin®
% . LR
4 = = = S [ 2T
‘j‘ 3 D 3 ( $l'n9)
To determine Yy Consider The pressuve distribubor on The bobom :
Pt F:Iz ?“9\1-9\
X A

f

%:%(&'R‘T)ﬂ
5ummm3 momenﬁ abo«:i: A)
Ry, )« £ (39)

(C’aﬂ'f)
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so Trat |
- F:r {""" ) *+ I ("g"ﬁ )
(13 v ®
| K ,
Where F,;zé'r%r . Sybsﬂ:ﬂuho;’ 01( leth’SSMII.S /ér {"i- mm/F,;. g:el.{,)

L (A 4+ 2p)

'12, 'f"‘go-r
For egu}/il:rfam of The dam, 'Z/WA:O/ so That
T4 -WlsH) - Ry, +F g =0 %
and with  ¥= 624 b/ft?, ¥, = 150 Ib/f2, and £T=/aftj Then :
F= 3/2 £? W= Goopd A= 3;2:; 9= Js‘:‘_éa_
€= 3.2 (‘K*’ID)I Y5 = 2 (% 3* 34 = (2R+10)2
—Qf—ﬁr 3(4 +10)

Substitution of These expressions (nto Ez.ﬂ) yleld.s,

(3124703 ) ~ (bwor) (32) - (222 )(13)

Sine Sin®

+ [3/ 2 {'&i-lo),Q][?‘(?f:":;ﬂ =0

Which can be al;np/if/eal +o

‘ 3 ‘
3/‘3"‘2 £° 4+ 2094%h - 3996 0% /0, %00 _ O ¢z,
S/in-©

7hus for a Given ,Q & Cin be delermined from the
donc///von +an & = ?0/,@ and £Eg. 2) wlued fov h

depThs
The dam wid?hs ecified, The maximum waker dep
5&:’ given btlow . Note /’ﬁmt fo'r e fuo /argest dam

widlhs The water would ovevflow The dam betore 11 would
Fopple.

Dam width, ¢, ft Maximum depth, h, ft

20 48.2
30 61.1
40 71.8
50 i 81.1
60 89.1
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2. 70

2.7 A 4-m-long curved gate is located in the side of a
reservoir containing water as shown in Fig. P2.70. Determine
the magnitude of the horizontal and vertical components of the
force of the water on the gate. Will this force pass through point

A? Explain.
Y
[:t;}’ eﬁu;/:.bm}‘m, A '_______x
> F,.(_=o
WM o= B = X ey Az =¥ (bmtisu)f o cyor) £ ] ; &
So t .
P = (9'20% Yosm ) (12 m>) = 82 4N v
S T volume ~
Slm:lqulg) “";:17-(3,,‘):;4”
- ———’i- 4
| Z F.ﬂ ~° =9 /m3
/:.V;' F o+ W Where
Fr= [¥ (6a)]on xttm) = (9.50k0 ){s,m)[,z,,,,m)
”m
b = )’-Vz(?,g’a %};)ﬁi/nﬂ) |
Thus)

FV: [7,(?0 %)[72 m> +9T /ms_] = 783 '/E’\/

(/Vovle.' Force of water on Gate will be oppos.ite n direction ‘/b)
That shown ©nrn ﬁ?”r'e.

The direction of all . ffevenkal Forces acting on The
Cuvved surface is perpendicular 4o surface | and Phere fore
The vesultan? must pass Througn The mitevsectwon of all These
fovces which 15 at /oe)u%?‘ A )Q_:s.
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271 The air pressure in the top of the two liter pop bottle
shown in Video V2.4 and Fig. P2.71 is 40 psi, and the pop depth o
is 10 in. The bottom of the bottle has an irregular shape with a S — 1 in. diameter
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 T
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) 12 in. ‘
By how much does the weight of the pop increase the pressure 10in. |
2 inches above the bottom? Assume the pop has the same spe-
cific weight as that of water.

Dair = 40 psi

4.3 in. diameter

(@) /‘Za,,’ /ﬁm X Area, (40 T )( )6,;,_)1 = 31.4”[1’,

(b) 2 F =e

Verh cal

Fﬂdes. F (Pressure @ 2 in. above La”vm) .
X (Avea) Fides

(o 2. (&) (1 3im)"

58l b

|

i

(¢) p=h. + ¥h
_ oy b 15 +(&zu )(,2 «Ct)(%m/&J
= o —"%,_, + 0287 k2,

Thus | The increase n pressure  due Jo weight = 0,289 pst
(wyhoh s less Twan 1oy of awr pressuve).

A= 70




2.72 Hoover Dam (see Video 2.3) is the highest arch-
gravity type of dam in the United States. A cross section of the
dam is shown in Fig. P2.72(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 P2.72(b) 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,

@ FIGURE P2.72

5}’@42 avea /h:’-or 3Par7‘r as shown.

For aren | |

G o= ohA=lezu s Y5 ) bt L) (245 £ )(nste)
= L57 x/p% /b

lor are 3 - /733-: fr, = [s7xi? b

For Qgrea 2: |
Fe,= 5h, Ay = (24 Bl L) (75 #2) (200 )15 42)
= 403x/07 Ib
Thus,
/e 5?, * E?,.?“'Lfesf I57AD7 I+ #4327y + [5730% s
777x107 /4

Since  The tnoment of The vesuldant force about The buse
07[ 7776 dﬂm tnust be égaa/ + The IN0men+ts c/uc ‘o

f%, y 52,_ , and /Z,-eg / 1+ follows That
(C‘on + )

n

=171




Rxd b (2)sr) + ()05t + B (2)1st)

m; = (/57a</o"/$)[ )[7/5#)*"/6‘431 VNG )7’5H) //ﬂxlbq/!)é)ﬁ/s#)
= 777 x10° [}

= Yot

77’)//5 7716 /”{514/7(0,,1’- /)bh?@ﬂ?[a/ ércc. on 775 dam 15

777)(/0 /) acting  4o0b £  wp From  The base
oF The _dam_along The avis of 57mme/r7 of 77:6 aréa.
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2.73 | @) tows
273 A plug in the bottom of a pressurized | Ai;
tank is conical in shape as shown in Fig. P2.77. e
- The air pressure is #0 kPa and the liquid in the T
tank has a specific weight of 27 kN/m?. Determine Liquid

the magnitude, direction, and line of action of

the force exerted on the curved surface of the 3 ‘
cone within the tank due to the 40 kPa pressure T
and the liquid. 1 "
~ FIGURE P2.73
ﬁu.‘;—A J,
“ g ; )
For eza:/;bmum, | |
|
2’ F;/erz‘unl =0 : lM |
so That | :
- |
F(.'.' - ﬂff A * QA/ | T f
where F, is the force the (one exerts | v |
of The fluid. ! <
/-U.sa) | i*— A —’-l
= Yo r(d? o 4
P&t'r /4- ( &&. )(,,t )( ) 2 fan 30°= _7-_
= (404P)(Z )(1155m)= 4.9 N -
d= 2tan30"= 1.155m
and
1 2 o - _‘n’" Pl »
0‘/\/: Y [IE A (3:,”)__ %—(%)L‘M)] velume of Cone 3 (’5’.)0)
2 MA
= Ymd [?-:: - =
) 2
= (47'% )(w)[/.lssm) (3m) = 759 kn
Thus,
FE = % &~ + 15.4kv = 7 4w
and The Lorce on The cone has a magnitude of 117 RNV
Qnel 15 directed Vem‘/czr//g downwaqred a/on7 The Cone axis.
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2.74

2.74 A 12-in.-diameter pipe contains a gas under a pressure
of 140 psi. If the pipe wall thickness is §-in., what is the average
circumferential stress developed in the pipe wall?

For ezu:‘/:'/f.‘)r/.um (Ffor a unit lngth
of The P:,‘oc)}
204 = ﬁl'r [ZR)

er Furr R ‘ ,
—_— e~ circumferential strecs

3

(/%o -I%’., V(i)

[ L iy )

%

o =

]

= 336p Ps[
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2.75  The concrete (specific weight = 150°
1b/ft’) seawall of Fig. P2.75 has a curved surface
and restrains seawater at a depth of 24 ft. The
trace of the surface is a parabola as illustrated.
Determine the moment of the fluid force (per unit
length) with respect to an axis through the toe
(point A).

:,’77/;77777?/ S
' 15 ft
FIGURE P2.75

The Com ponents of The fluid force acting |
©n The wall are F and W as shown
on The #/ywz w/;ere

F = YA, A = (é’fDZta)(lﬁt)(ﬁ‘Hxlﬁf) y

G400 b and g7 ALEE - pp ALY
Alse, T
Y=y .
To determine ¥ #ind avea BCD, T/;u<; ‘l x
(see #igure o rignt)

94/ a4y

-

\\\\\\\'\\\\\

!
L

A = /(.2:,« y )dx = /ﬁ?e« o;gx)c/x | s

X, = fl2o

3
02X y
[Q&x - =5 ]A ( Note: All lengths 1n £¢)

and w17k )t’,: Vizo ) A = 175 #z So That
= A x| £t = 175 £13
Thets, W= (tyo ﬁ,)[m—,w) = /I, zoo lb
locate centrord of A : %
X A = [:ad/l = Z;‘f-ﬁ)xdx ‘/(Jé‘x-oozxg)dx = /zx"z- fn"‘i&y
[~] o o

2
and .12 (Vi)?- 0.2 (Vim)
XC - S = &, ‘ﬁt

175

Thus, |
My = R Y =W (5= %)

!

= (78 too 18 ) 8:+2) ~ (1], 200 16) (15 £ ~%1 ££) = 2 4 200 ,tz./gp j}
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2.76

2.7 A cylindrical 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.

centroid

FE = a/’gc A 2om 4 ) i_.

Wherve »ﬁc = [Emt [Om = 25m Fr B
So That %Y
4 Center
- V4 % of pressure

fo = (L1422 ) (25m)(T )a.0m)*= 10,8 44
Also,
- Tse
Jr” * e
R Y A
where 4, = by o Thd
7 (Im)? ;
= i + 2.5 m = 2.bom

[J:an)({)/zm)z

Thus, The resulbnt force has a magnitude of _60. 84N
Gnd acts at a distance of %-4. - 2.bom - L.50m = 0./00
below center of Fank end wall.

2-76




2.17

2.77 If the tank ends in Problem 2.7k are
hemispherical, what is the magnitude of the re-
- sultant horizontal force of the alcohol on one of

the curved ends?

For €gw‘/:'$rm.no ,
/:; = [‘:;”// (see ﬁ}ure)
= o0 8AN

(Y}n(e Solution for /wr/?omla/ force
Same 45 fer Problem 2.76) .

the

Fevely

2=77




2.77%

2.78 An open tank containing water has a bulge in its vertical
side that is semicircular in shape as shown in Fig. P2.78. Deter-
mine the horizontal and vertical components of the force that

the water exerts on the bulge. Base your analysis on a 1-ft length
of the bulge.

BRFIGURE P2.78

FH ~ how?onl-al fovce of wall on Fluid
R~ vertical #orce of wall on Fluid 1,%

e
- b;h,o —%/ | f F,

= (zy)(TER ) (1 #)
=992 b

=i A = ﬂ,z,u,cﬁ,)(m+3&)(cféxl¥f>
= 3371,

For equilibrium, F, =1 =982 1
and F’;:-FI:'??'? b <

The 4orce The waker exerts on The balge s
€qual +o, bukt opposite 15 divecticn to F, and
Fy above. Thus,

(FH')W_%I[ = 337 'L -
(Fv )Wall = 832 b i_




2.79

279 A closed tank is filled with water and has a 4-ft-

;o

diameter hemispherical dome as shown in Fig. P2.79. 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- \" J

nometermis 1_2.67p>s.i. -

For eja)//br/lfm/
K g W
Z Rehial =° !
so  That T?A

o= PA- W (1)
Wheve F . 5 The Horce The dome exerts on The £l
dﬂnd £ s The water Pressuve at The hase of The dome
From 7he manome te v, |

'/4)4 N a}/ (7#t) - aAHza (k#t) = P

Jo TPat

7

I

I n.*
(b5 )l )+ Goeas ) A)-aul Yo
_ - lb
= 2 %80 ;th_
Thus, #rem £4.0/) wity volume of sphere = T Geameter )5

= (2550 % 2
Fo= (2550 . )(T)4fe)" - —é[—?(éﬂﬁ)y(&z#ﬁ;)
= 35 )00 b

The dorce That The Vertical dorce That The (water
exerts on The dome /s 5"5/‘/00/5 t . -
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2.80 If the bottom of a pop bottle similar to that shownin .
Fig. P2.71 and in Video V2.4 were changed so that it was hemi- ' Em
spherical, as in Fig. P2.80, what would be the magnitude, line » Pair = 40 psi
of action, and direction of the resultant force acting on the hemi- | |
spherical bottom? The air pressure in the top of the bottle is 40
psi, and the pop has approximately the same specific gravity as
that of water. Assume that the volume of pop remains at 2 liters.

S — S ; e 4,3-in. diameter

- B FIGURE P2.80

e

Perce -

oS

'ugni v Pop SMPPOPJ»'CC/ kébgk botom + frce
fue *o 'au—- Fressum ; o -

| Vo/umc = 2 /:H’rs /leo m3)x (353110 e ): 0,(?704 #’
3‘777«45 From Egl/r ‘ [N L |

 Weigt oF pop = (e28 8) (0.0 ) = 1y b

Force due to  ai- pre.s;yre = 'jé‘-r X pro ;eclm avea ot
R I hemnspher:cal boﬁvm

~

i

§‘5’85 b

rkgebiuj 1!‘.&

and due +o 5ymmc try, /tac{:s | qn 771< hem:sp/?er/cd ‘
;bé H*Dm ‘: a/anq e verhical axis o# 7‘711 bo#/e

o
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2.8

2.8l Three gates of negligible weight are used to hold back
water in a channel of width b as shown in Fig. P2.8} . 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.

(a)

For Case (b)

Fo= dhe A= J’(!z?‘ Jhxs) = ?./_’;-4

(b)

m FIGURE P2.8

and gk:: _§_4€

Thus,
50 That = My=o
) /72:(%%)/&;2 (ja.z‘( ;
%,ez(%i)(f_lgé) Fa = widhy =
}72
R = 3/3 - () % h [S'ee
T2 gy 218)
Bor Case (@) on free- bod - deagram Showh “‘3 Hx H
2
/t/;.: {bj_’é (é’om above) and

7,e’-§~f

and

)= §x ¥l

—
—

(i)

= 7k’
A
‘hus, My =0
so Tt
h_ %k 2 /) =
W(L- )+ RG4) =
anA

h z -
TONS( 4 - 2h )+ T () =

(Ccmli)

T,

- (o)

fe

.
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2.5/ (ton )

jl‘ 74//005 77!¢'i
7 = Y424 (0.3%0)

Frem &g .0) oh* =3R  Thas
7= LL7R

for  Cuse (), Jor The free- ém’y- diagrem .S}?owq)
The Sorce 75'2‘ on Me Cyrved section Passes Through
The Winge and 7Werefove does not Contribube +o
The moment around H. COn bolom part of jaée

b= YheA = F(FE)(hxb) = 2up

and

= (A)[’O .y
ﬂ@z~ er fy‘ (5/7)/'/1 b) =z
- g
= _;:‘Z/,
Thus
us, S M, =
So That

T g (i) < Ak




2.¥2

2.8Z A river 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.

Z F\.ler{;;'cd =0
So Tka.'l:

W, = F=¥

- uwx {Submerged velume )

—
—

Iy
(62.4_;«2_3)(5& x 28 £t x 9o ft)
= 78,000 b

(1:») Z_ F )

Ver'l:a'm,l -

\Ubng = FB = Xulo" ( Submerged VOIV""")V )
. Iy
Wy = (L2422 )t casix 9048) ~ T ol

= 3/5; ooo b

(a) 'F';v Q%u'nlnhbrla'm) ——=

B
an. ue,'ﬁh'{ of bavq&
(Unloaded)
Wb‘TW%
TH
’ '
e

\Nafv weighf 43"4!‘“
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2.83

2.83  The homogeneous wooden block A of

fig. P223 is 0.7 m by 0.7 m by 1.3 m and weighs /,\

2.4 kN. The concrete block B (specific weight = Fa L3m

23.6 kN/m?) is suspended from A by means of ) 0.7 m : ‘
the slender cable causing A to float in the position \

indicated. Determine the volume of B.

FIGURE P2.%3

Rr e%ullfbm’um)
Z FVeréicaI =0
So That  (see ‘pljnre)
T= Fa-W
Wheve
FB: qux (Sulamcrgecl volume)

= ® N
| (7.30 7;5)(—',-_)(1.3,”): 0,7m ¥ 0,7 mm) TT
= 312 &N bu
Thus, | TF
Tz 3024N -24 AN = O12kN | Be
C ~ concrete
Since,
F = Wc"‘T
BC.
ov
LA (’v‘c) =¥ (¢ )- 024N
Then V . __ 0.2 AN . o.’izLN = 0.0 3
2 = 0,052 )
¢ Yo = Y0 za.ukw~‘i.&o% i

™3
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u

2.84 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.

| Far | ;egéu'/lz rium ,

Z r;erhca ! =-O .
o Tt

T=F 9y

For a truncated cone, ,
.; Vo/ame- Ik (/" rkrl +)3_")

(1)

h

bﬂ.se rad us

W~ we:gh*— |
A bupyaaé force

3
dhere K
n = top radiss
h= helghz’:

Thus

‘TN fC’nsmns In ropes

+[IH~)J “

,+ke<: o 3
: 2200
”‘5}”"54”@& force |
Fe70,,

1,0 ~ tree

£t

W=

ee o tree

} _&L fﬂ)(looﬁt)[(q#)_r@&“&)

% "V", =(1z h“fts)(zzoo

)= 137000 1L

ﬁ"@mr Eg [/)

T = /57 o00 /g,,m a{z,zm/& =

6 |

U fop
2y ke

2-'3 5




2.86

2.86  An inverted test tube partially filled with air floats in
a plastic water-filled soft drink bottle as shown in Video V2.5
and Fig. P2.86. 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.

When The test tube is Floatins
The weight of The tube, k), is
balonced 6, The 51/0502‘ force f:a
As shown wn The F1GHE . The b;gy,,,ig
Fovce 15 due +o The displaceq volume
of watev as shown. This Trs placed
Volume is due 2o The air priessure f
tfrapped 15 The tube where 712
f:: ﬁ-f—X‘szh W’)ln "lhg bﬂ#/c /J'
57«ee7ed , The a1 pressure in The
bottte, 4, /s Increased Slightly and
ThG" 11 Cura  increases ? The pressure
ompressing The aif- jn The "Lest tube,
Thas, The displaced volume is decrensed
with a Subsequent decrease 11 Ty,
Since W 75 Constant | 4 decvease im

,t‘a will cCause The 4test Zube o Sink

‘ P
volume — .=:¢
dusplaced / L

Test tube —_

Water/

m FIGURE P2.80C

4

=
M - .
LA

-

<—Plastic bottle

.z
(3R
L

2-%6




2.87

2.87 As shown in Fig. P2.87, an irregularly shaped dbject
weighs 100 1b in air and 64 1b when fully submerged in water.
Determine the volume and specific gravity of the object.

B FIGURE P287

Y (ar) =Y lheve ¥rusp wh of object and
Y4 A Volume oF obyoct

% /w:uéer) 3%[@1})“ FB wheve F Vv buqunb —Fgruz
and F,= y

Hao

Sn'oce % [ali» ) = Joolb Qnua D) (water) = 64 n

Litip = oo1b = (b2.4 £5) ¥

so That 3
44 = 0.577 £+

and %( )
| aiy Ib
b/: Ir - /00 - /75 __)F—is
- 0.577 #L3 "
Thas Ib
. ; Iy
56 = Y o 113449
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2.88

Diameter = 1 ft

2.98 A plate of negligible weight closes a 1-fi diameter hole

in a tank containing air and water as shown in Fig. P2.§3 A
block of concrete (specific weight = 150 Ib/ft®), having a vol-

ume of 1.5 ft, is suspended from the plate and is completely  pj
immersed in the water. As the air pressure is increased the dif- pressure ¥
ferential reading, Ah, on the inclined-tube mercury manometer SPUC€
increases. Determine Ah just before the plate starts to lift off

the hole. The weight of the air has a negligible effect on the
manometer reading.

For e! url1bvigm ,

2 erbical R
Jo  That ?A
W= pA+
chere: ) TF;’
W ~ weight of Concrete
7 NV @Ir pressure j,ow

A ~ drea of plate
Fa~ 4

s

/hus,
(150 ) (1542) = P(T)(14)* + (b2u £, )5 1)

So Thet %
= /67 £
P A

7%( mqagme{er fit:dlzo;l "-.5

4 = O 4dh s/n32°

So That /7
_ -4
Ah =
2;4 y Jin3o°
167
- 'th.

- = 0.39¢
(34‘7 ﬁ.?).SI;:IBo’ ____—-——__E—_é:_
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2. 99

- 2.89 When a hydrometer (see Fig. P2.89 and Video V2.6) hav-
ing a stem diameter of 0.30 in. is placed in water, the stem pro-
trudes 3.15 in. above the water surface. If the water is replaced
with a liquid having a specific gravity of 1.10, how much of the
stem would protrude above the liquid surface? The hydrometer

weighs 0.042 1b.

When the hydmmeéfy 1s Floating

Its werght | T, 13

“he buoyﬂmé érce . For

fgm//bnqm ,
= Z' F;’er/-xca/
7711(5 for Water
Fa =W
()%
wherc '17‘ /5 7(716

Fa. oy

balancea bg

su &m eryed volume .

D)

Fluid

Hydrometer —»| surface

T T T (T

BFIGURE P2.89

A |

—S

(-

n{ew:
I§uia
(56)(3]40)‘17‘—-% k(z) |
&mb(h‘hﬁ 555 (1) and (Y wy7n W @ﬂéi'xn t
O ) GG )
Qnd .17/ ; 7, k i
27 Tse 3
(Car),f)
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2.89 [Cm’t)\ |

Frem &g . 0)
o - cowrlh 4.73)(/0;"*#{3"
b e éz""fr%" i —
5 tat fom E9.0)
\ 'fgct.ij -%r 3
s —v;_= casxio T HT o gazxe ftT
: /i lo 3

Aes *l?‘ Y2 = (673 A)z,)xlo*qﬁtt Ol,l;(lo"*ﬁtj

75 obi‘qm This d. Fﬁermfe te change 14 lensth, A4, /-s
(..7,_7‘)(’0 30,,,) Al = (o el X0 44--‘){/723 ) "
 4Ad= [ 49 n.

Witn the new /‘zw?l The si‘em would proz%rucle
315 in. +1L4q [n. = 4gyin. abowe The sumfuce
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T3 e . @

290  The thin-walled, 1-m-diameter tank of I 0.6 m
Fig. P2.90 is closed at one end and has a mass of - e e U

90 kg. The open end of the tank is lowered into A e

the water and held in the position shown by a , S 3.0m

steel block having a density of 7840 kg/m’®. As-
sume that the air that is trapped in the tank is
compressed at a constant temperature. Deter-
mine: (a) the reading on the pressure gage at the
top of the tank. and (b) the volume of the steel
block. Open end Cable
L Jblock
FIGURE P2.90
’/’-‘VT :é -V:F bt//lé’?( ' /;H')Llﬂ./ Jhée and -FN f/nq/ .s-/uée.

(a) For constant Femperature cpm/”ssmh,w“

¢ L
Let v = A4 (see Figure) where A, s The epss sectioml aven of hink,
and :
é"" b’/‘ﬁ-&é)*éém (ld/vere all lengths ave in /m). /)
Thus, o
= AA = 2
4 %
Smcc 7“-7- A/m qnu 'VZ'—'-' /4'15.(3)
- DBatem M) | 3 Futm
1b7c At b’(‘ﬁ"ﬁ.b) * Tatm
AY) fhﬂ‘)‘
L2+ (Pt -o.e)f - 3 Ptm o,
| T 3
R, &= 780 é”—"; and -é*m=/0/—»4/3a.)
2 1014 Pe ) 3 (1014R)
(e et L)
m /M'S
or
45 2714 - 307 =
Se Tha #

{ - 97/ * m7/)2+ #[30'?) = 2.53m
b L
Thus, frem Eg. (1)

- 2
£ (ga3¢) = (% 90 %)ﬂ?.sa'm-a,ém) = /8.94R
a _(cont)
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2.90 | (con’t)

(4) By ezw//brlurm of tank (see free-body -
diagram ),

T= B4 W,
Wwhere k{é ~ tank 14/:’/'7/1{/ and for
steel bloci

T=W -t =¥, (5-¥)
Thus,
T '/.D,CA'{_"Wt

I A

- (18,7;«/03% )(n‘)(,m)q' @’07@3)@ g .0_'1

/7.?40 Xl -—/;- (fi 8!1“-—> 730;410

= @O 208 /yn

\LMS | volume ~ v
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'2.‘{/* |

*2.91 An inverted hollow cylinder is pushed into the water as EEE "—S*ZT-_
is shown in Fig. P2.91. Determine the distance, ¢, that the water H T Water L
rises in the cylinder as a function of the depth, d, of the lower d

edge of the cylinder. Plot the results for 0 = d = H, when H is l

equal to 1 m. Assume the temperature of the air within the cylin- S ©| S IS i 1
der remains constant. Openend~"~ .

MFIGURE P2.91

For constant tempevature compression within the cylinder,
B = B ()

wheve V- is The aw volume , And ¢ and ¥ refer +o 7he

/';l;L/é/ ana Fial 57‘1-/2!5/ V«?Sfec./‘//e/y LH+ fellows That

(see Ffigure)
(AR AW Bo&(d-2)+ Ry,

V= Z D% +;=~~—7{D"(H—£)
Thus, Lrom Eg. (D
m 2
b (Fpn)= (v(d-2) +4, ) To (w=4) (z)
And with

73_%': /o/,kl’a) y= ‘7.8’0“/;% , ana H= -
=g .c2) a’/rn/;/.f/e.'.; to

02~ (d+n.31)4 + d (tm) =0
So that (asu'o; the gaadmézcl dormula)

Ji (d+11.31) % \[dz—r 18.61d+128
X 2
Since For el =0, L:—O/ The negative Sign should be
Used dnd

g = (d+11.31) - V d?4i18.41d + 128
. ek

7’4541/4}?){ dd«ﬁt witn The é’ar/‘gs)oom//,jj ,D/o{‘ are
Thown on he fol/lowing PaIe.

(Corr £
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2.9 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 //

0.030 ///
0.020 /’//,

////
0.010

0.000
0.000 0.200 0.400 0.600 0.800 1.000

Depth, d (m)

Water rise, { (m)
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A.92

2.92  An open container of oil rests on the
flatbed of a truck that is traveling along a hori-
zontal road at55 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?

dz _ _

S/o/oe (Eg 2.28)

dy 9+ 4

o = -»C/;an/ Ue/ocf#‘] - initidl Ve/ac;véy

“time Interval

m
o - /550;1,0/))(0.‘/4‘70-__5.-_)
mph = —492 il

I

5s

adz - _ (—%72, ?M“:-)
s 0.502

f
€I ?.?/% + O

i

|
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.93

- 293 A S-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 neghglble (Note: 1 gal = 231 in. 3)

T —= = =
=34t
o
(a) d;— h '—/0 (31' q'z') (E%'Z'Zé) ,j\””\f ' J’ll li ‘Ll\
avea = A
T”\ us, ‘9.,. A = volume

$ o

b NES m3)
o + ’e,, = 943 in.
and
f=p(grat
slugs
= (9.44 —ﬁ- (32,..—- + 3-'&)(-7—@- -F-t)
s 12
- Lb '
(b) From free- bodg -dtagrqm of Container )

Fp= 1A

| £*

.)

(égy o ) (126 in. )
5% 1b

A7) 20

i

ls

ThuS} -ﬂarce O,C cmn-l-alner oh 'F/Oak

s 5% b dewnward.
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299
2.9%  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? |
~ _f‘
7- ; ) = e e pe—
o prevent Sf’“'”j) ) ~= <z L
l/m ~ - =N
dz — lt 5 MM - ln o A
J ST T ces | .
. 2
(see figure). —> a, )_
) 9
Since, 2 o
dz = - i ( £g.2.298)
9 g + 4 Zz

oF, wit dy=o0,

ay * "/%2)3

- (~o50)(7.51 2 )

Il
~
)
l3

(/V"'/"' Acceleration could be ether +o The ﬂqh‘L or ‘the )e-ﬁ:.)

1—77'




2.95

2.95  If the tank of Problem 2.9% slides down |
a frictionless plane that is inclined at 30° with the |
horizontal, determine the angle the free surface
makes with the horizontal.

From Newtons dmu law,

Z Fﬁ' = /n’) aﬁ
Since The an/y force in The jidu;ed-/d,,
Is The C’om/w”fni of weight (/mg)s}néaj

. . i

m ~ muass o)c +amk and

So That
‘. , Gasoline
a’fj ; sin @
and therefore

t ! <&
e, = Q, (036 a, = - sin® \e\) '

@,y

|
!

Als
0) “5
Q‘_i': = = (E'g 2'28>
dy gq+4ag
1
= — ay ‘:“‘9 = _  gSins cosd
3 "‘ 4f’~95’”‘9 2-8 Sin® Cos&
= S5Iin26&
| — -zl_ Sin2&
dnd for ©=3p° /
dz _ _ PRI A"
dy [~ 5 Sinbo*

Thu5, -;Lan 4) = O0.7bL4 (see -F:j‘we)
and ¢=374°




2.96_

2. ?(o 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?.

L—-?'r#

g.g = =P, (Ez_z.zs) C\:' | | - OJ&

() 2)
Thus, .
~ 24 4 = 5E
ﬂf’ = "‘/"“.9/‘/3
PI [4)
Where P=4 et Y=0  anu p=4 ot Yy=z=z24 FEt
and
Kb s =Py (24 4)
= slu . £
~ (132 28 )(s -3{)/:.947:)
_ /%
= - /5% ;t_z
or

/b
ﬁ"@: 158 —= .
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2.97

2.97  The open U-tube of Fig. P247 is par-
tially filled with a liquid. When this device is ac-
celerated with a horizontal acceleration, a, a
differential reading, k4, develops between the ma-
nometer legs which are spaced a distance { apart.
Determine the relationship between a, {, and h. -

FIGURE P27

dz _ _ %y (B
dy 9+, 3. 228
“Since ,g
: /) d# . - R -
2—5 ~ /e and 4;-—0
'ﬁifﬂ ’g a
7z g+o
or
p - a Al
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278

'2.9%  An open l-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 Ll
velocity will the bottom of the tank first be ex- uid
posed? No water is spilled from the tank.

Z
~ N,
. T.i | F dr 4
Ezum‘-mn for Surfaces of constand pressuve A4t N
( £g9.2,32) ! X ’
R
Z= w?r* + Constunt - _,*
;L;’ B'L'N inthal déf"}'h
For free surface with Hh=o at r=o0,
«ﬁl , wz‘__z
*3
The volume of fluid th votahng dunk is qiven by
R
R
‘V; = f.znr% dr = arm wz[k3dr = Tw'e" |
0 23 Jo ‘38
Since The inihal volume, -Vz.:n‘/?z/)L') must egual The final
volume,
Vi=,
So 77"4{
or 1
wm
- - 4(719/?;)(0,7/»4) = o5 tad
(0. sm)? S
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2.97 :

2.997 The U-tube of Fig. P2.99 is partially
filled with water and rotates around the axis a-

- a. Determine the angular velocity that will cause
the water to start to vaporize at the bottom of
the tube (point A).

Pressure 1'n « Vofa{:thj £lutd vavies in accordance with " |
The = 5u~‘—wn ) FIGURE P249

o PO
2
With The coordinate system shown,
b=0 at F= 4in. and %= 1213, 50 That
2 “!’ 2 2
Constant = '*fw 221‘1‘) + %ft) - - %‘)~+ Y

- Y2 t Comstunt (£g. 2,33)

Th“s) f)wz //_7, __L)__ X{'Z"-I)
P T K

At pont A, F=o and 2=o, and
. pwt |
7?4- (075 + & (1)
Tf EA = Vapor pressure = 0.2¢%L psca , oY
¢ 2
= (0.26L psc' — I1%Tpsc )[4 14 ):-— 1

+hen fram E‘g,u;
W = v'/?(af-ﬂT

/O
b ly
= 1Y [62.43;3 - (—2080;@.3} vad
[qy 2lu4s =5
| F£3 -

2-/02




Z.l00

2,100 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
forced 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 4 siring will align tself so that
the string it normal to lines of constant pressvre. Thus /f the
car is hot accelerating, the lines of p=constant pressvre are
horizontal (gravity acts vertically down), and the balloon floats
“fraight up” (i.e.0=0), If forced fo y. Fg W= buoyant force

the sjde (6 #0), the balloon will retim o, L l? Weight
fo the vertical (9=0) equilibrivm g — = _
pOJ,’HOn./'/) which the two forces —— —
Tand Fg-W line vp constant = = T= ension |

pressure lines

F/g,(/) Mo qccelcrm‘/’onj g =0 for

equilibrivm.
Consider what happens when the car decelerates with an
amount q,<0. As shw by Fq. (2.28), , .
the lines of constant pressvre are not [ ration

horizontal, but have 4 slope of motion
dz | a

———— = - ._________L__ - p— y ? 4 -

dy g+ 4 ————? 0 since az=0

and ay <o, Again, the balloon’s equilibriom 2 |
position is with the string nermal to p =const. ¢ - T
lines. That s, the balleen tilts back gs :/ - .
the car stops. . L
When the car torns, ay = -%— (the centrifvgal -«
acceleration), the lines of p=copst. are 4s T
shown, and the balloon 4;1s 1o the

oviside of 1he curve

P

Fiq. (2) Ba/loon aligned so that
string /s normal to 70=coﬂs7‘aml

/ fﬂb‘s

Fig. (3) Lef} fumj bafloon 1ills fo
right




2.10/

1]
i

2.1001 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.

/Dh:’sswe /m & rota £/;%7 £lwid  varies
Ih accordance wilh The €ja4-£/@1 ,

7‘) = /ﬂ%ff L— Yz + Constant /EZ' Z 33) , |

Z
Since  Ey=7F5 J’MM.—-\'
y i“—-'g
2
Bt = 22 (R*-1?) AN
_(o9)(10° %2 rad)?
= 7 [ 1/}»3)(40 5") [(0.2/»1)2— O]

= 28 9% kP
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2.102 |

2.102  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. P2.102 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 4 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, 4, 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 ¢lick Aere
to bring up an EXCEL page with the data for this problem.

b —+]

@ FIGURE P2.102

&%wé)
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2103  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. P2.103. 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, A.

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, R,, 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, 4, in the tank so that the beam again becomes level. Repeat with differ-
ent masses and water depths.

Calculations: For a given water depth, 4, 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 yr — . below the centroid of the area. Note that the equations for Fg and yz — y,
are different when the water level is below the end of the block (A < R, — R;) than when
it is above the end of the block (h > R, — R)).

For a given water depth, determine the theoretical weight needed to balance the beam
by summing moments about the pivot point. Note that both F 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 here
to bring up an EXCEL page with the data for this problem.

Pivot point
1

Counter
weight

Weight

Water

Quarter-circle block W FIGURE P2.103

(CM t)
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Sqlution for Problem 2.103: Hydrostatic Force on a Submerged Rectangle

R,, in. R,, in. L, in. b, in. g, f/sh2 v, Ib/ft"3
5.0 9.0 12.0 3.0 32.2 62.4
-~ Experimental Theoretical
m, kg h, in. W, Ib Fr, Ib Ve Yo, ft d, ft W, Ib
0.00 0.00 0.00 0.00 0.750 0.000
0.02 1.11 0.04 0.07 0.719 0.048
0.04 1.58 0.09 0.14 0.706 0.095
0.06 1.92 0.13 0.20 0.697 0.139
0.10 2.51 0.22 0.34 0.680 0.232
0.12 2.76 0.26 0.41 ' 0.673 0.278
0.14 2.99 0.31 0.48 0.667 0.323
0.16 3.20 0.35 0.55 0.661 0.367
0.18 3.41 0.40 0.63 0.655 0.413
0.20 3.60 0.44 0.70 0.650 0.456
0.22 3.80 0.48 0.78 0.644 0.504
0.24 3.99 0.53 0.86 0.639 0.551
0.26 417 0.57 0.94 0.0512 0.634 0.597
0.28 4.33 0.62 1.01 0.0476 0.631 0.637
0.30 4.50 0.66 1.08 0.0444 0.628 0.680
0.35 4.95 0.77 1.28 0.0376 0.621 0.794
0.40 5.39 0.88 1.47 0.0328 0.616 0.905
0.45 5.83 0.99 1.66 0.0290 0.612 1.016
0.50 6.27 1.10 1.85 0.0260 0.609 1.127
0.55 6.70 1.21 2.04 0.0236 0.607 1.236
W =322 ft/s”2 * (m kg * 6.825E-2 slug/kg) Sum moments about pivot to give W*L = Fg*d
Forh <R, -Ry:
Fr =y*(h/2)*h*b
d =R, - (h/3)
Forh>R,-Ry:

Fr=7(h-(Rz - R1)/12)"(R; - Ry)*b
d=Ry-(Ra-Rq)/2+ (y,-ye)

Yr-Ye = lxc/ hc*A

le = b*(Rz - R)*3/12 = 0.000771 ft"4
h.=h-(R,-Ry)/2 ‘
A =Db*(R;-Ry)

(caﬁt)
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Problem 2.103
Weight, W, vs Water Depth, h
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§ 0.6 u Experimental
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2104  Vertical Uplift Force on an Open-Bottom Box
with Slanted Sides

Objective: When a box or form as shown in Fig. P2.104 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, Wy, of the empty box and measure
its length, L, width, b, wall thickness, ¢, 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,
t, 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, 4, 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 click Irere
to bring up an EXCEL page with the data for this problem.

Footprint of box

B FIGURE P2.104
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Solution for Problem 2.104: Vertical Uplift Force on an Open-Bottom Box with Slanted Sides

0, deg L, in. b, in. t, in. Wi, 10 Y, Ib/fth3
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 + Wy, Ib Pavg: ID/fA2 W + W, 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
0.10 242 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
2.25 0.731 5.85 1.070
2.50 0.903 6.50 1.279
275 1.092 7.16 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 + Wy, = y*Vol
Vol = b*h*h

Theory 2. Including the slanted-end pressure force and the finite-thickness wall pressure force:
W+ Wbox = Y*VO{ + pavg*A
Pavg = 0.5"*h
A= (b + 2*)*(L + 2*t/sin@) - b*L = 8.33 in.A2 = 0.0579 ftr2

(cont)
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2.105 Air Pad Lift Force

Objective:  As shown in Fig. P2.105, 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, A, 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 = y,,h, within the box, where y,,
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,,, = y,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 here
to bring up an EXCEL page with the data for this problem.

Air supply

W FIGURE P2.105

(Cont)

2~ 1/3




| 2. /05 | (Cont)

Solution for Problem 2.105: Air Pad Lift Force

L, in. t, in. Wiox, ID Yhzo. ID/ftA3
7.5 0.25 1.25 62.4
Experiment Theory 1 Theory 2
m, kg h, in. W+ Wy, Ib p, Ib/fth2 W+ Wy, Ib W+ Wy, b

0.0 0.54 1.25 2.81 1.10 1.17
0.1 0.64 1.47 3.33 1.30 1.39
0.2 0.74 1.69 3.85 1.50 1.61
0.3 0.82 1.91 4.26 1.67 1.78
0.4 0.94 213 4.89 1.91 2.04
0.5 1.04 2.35 541 2.1 2.26
0.6 1.12 2.57 5.82 2.28 243
0.7 1.23 2.79 6.40 2.50 2.67
0.8 1.32 3.01 6.86 2.68 - 287
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 9.52 3.72 3.97
1.4 1.96 4.33 10.19 3.98 4.26
1.5 2.06 4.55 10.71 4.18 4.47
1.6 212 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 f/s*2 * (m kg * 6.825E-2 slug/kg)

Theory 1. Involving only the pressure times the box area:
W+ Wy, = p*LA2
P = Ym20™h

Theory 2. Involving the pressure times the box area plus the average pressure times the edge area:
W + Woy = P*LA2 + (p/2)*((L + 28)"2 - LA2)

(Cont )
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Problem 2.105
Total Weight, W + Wbox, vs Pressure, p
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2.106 (See “Giraffe’s blood pressure,” Section 2.3.1.) (&)
Determine the change in hydrostatic pressure 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. Assume the specific
gravity of blood is SG = 1. (b) Compare the pressure change
calculated in part (a) to the normal 120 mm of mercury pressure
in a human’s heart.

(@) For hydrestatic pressure change,
ap=¥+h = (7502 =Y )em) = 52.9% - spo kR

e —————r—————

() 7o Compar< w i1 predsure in humen heart
Convert pressure 17 Part (4) Jo mm H;j
5.8 ®V = Uy 13322 >
53.9 %N % - (1332 "
/A# = 1(0.%}47—’"\)(/0 %M)z Lf‘q'Z/\m/mHj
¢
Thus “The pressure ehange 1n T 51%‘(749: head

s 94Y2 mm #’2 C&mplre,{ wiTh 120 musm &
the human heart.

2,)01

2.107 (See “Weather, barometers, and bars,” Section 2.5.)
The record low sea-level barometric pressure ever recorded is
25.8 in. of mercury. At what altitude in the standard atmosphere
is the pressure equal to this value?

2r recovd /ow pressure,

- b
P,k T (947M3)(£££ﬂ) £ ): 12.b 77,

Iz (V4 in.
From Table C.) v Appendry C "
@ 0L alkitude Pz % LG T
@ 5oooft slhtude p= 12,228 1k m‘-
Assume linear variation change in Pvessure per foot, ﬂ'\“s

pressire  change per fool = Y. L9L 2 ; —l2228 ”’,

f'ooo Ft
= 4930 xiw? ”’ L, per £
and b ¢ Ib
4 Lqb e = o () [493L X0 _%«é»]= 2. L—l.-;‘,
So thek d= 4250 Ft
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2.108 (See “The Three Gorges Dam,” Section 2.8.) (a) De-

" termine 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=Yh A= (q,yox)piﬁa)(ljg—@)(HSmx 2 30Am)

- 3y, X0 N

2 4L xI0 ¥
b.¥ x 107

N 1b
= 54 | F;m,,, (‘2'2 PQrson)

Yes. Tt 1s \ikely That enough force could be generated
Since Vezu:'reo( average force per person is rela}n/elg
Small.

(L Re%u{ved average Jorce per person =

2.109

2.109 (See “Concrete canoe,” Section 2.11.1.) How much ex-
tra water does a 147-1b concrete canoe displace compared to an

ultralightweight 38-1b Kevlar canoe of the same size carrying
the same load?

By Q%u-l\;bY'l.MW,

2 FVer-h'c..,Q -e

920 = Fg = Yu D-V' anda ¥+ 15 chsplacek velume,
i |

For Concrele Canoe, Q,%
47 = (ozy ) v w
Vi o= 2,30 £t7 | 5
By Kevlar canoe, |

331 =(bz.k 12) ¥
Yo = 0.b07 £

angk

3
2,30 f4>- 0. bbg £
.75 ££°

i

Extra waker d t5p|4£c ment

]
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2.110 (See “Rotating mercury mirror telescope,” Section
2.12.2.) The largest liquid mirror telescope uses a 6-ft-diameter
tank of mercury rotating at 7 rpm to produce its parabolic-
shaped mirror as shown in Fig. P2.110. Determine the differ-
ence in elevation of the mercury, Ak, between the edge and the
center of the mirror.

BFIGURE P2.110

For fVee .‘funface of ro'fa,‘b)r'tj h:b“l.d)
2= a;zrz-f. tonstant (EZ 2.32)

let Z=0 at v=0 and there fove
Constant =o0. Thus,

bh=bz for v=3fL and -

1T
Ww = (’7 Y‘P/m)(Z‘IT md)(ig";” l\————-—)’/]

= 0.733 ¢
it follows “nat

rad)* )
bh = 4(0‘7233(3; 2 p{f‘c” = 0.0751 £t
. «;S—vn_ =
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