68 FUNDAMENTALS OF FLUID MECHANICS
PROBLEMS

3.1 Frove that the pressure i the same in all directions al a point in a static fluid for the three-
dimenuiongd case.

2.2 The container of Fig. 137 hoids water and wir a8 shown, What is the pressure s 4, §, C, and [
in pascals?
1.3 The wbe in Fig. 234 s filled wilhdllhumﬁg:mg_mmnm and & in metres of water,
24 Calculate the pressurc a1 A, 8, C, and D of Fig. 239 in pascals.

.5 D:ﬁuﬂuaqummlhlﬁudnmﬂmm;'umy_d!ﬂﬁm in a static gas when
ﬂmdﬁnulmkmwﬂmdnnﬂmndmw;nﬁmj#m '
1.6 Brnlimtm;muuﬂaumﬂmhﬁmmluuﬁmﬂwrﬁluihnhu

3.7 By uuul‘t!unamhmfHuhli.dﬂuuﬂ:lhmmdim:&:n“mﬂmlﬂmm
F‘-tlﬂ]lhr-!ﬂ'ﬂ.:lﬂw-ﬂu]ﬂmfwlh'lﬂ.ﬂ'=-ﬂ.ﬁj'ﬂm \

A thmhmndmalﬂtdnnﬂmuupmmmwmrn.Mn-mnIhMH
0.1 MPa abs al sen level,

4.9 In sothermal air at 25°C what is the vertical distance far reduction of density by 10 percent?

2,10 Express a pressure of S0 kPa in (a) millimetres of mercury, (b) IIH-I'HH'I'IJ:I:
(c) metres of acetylene tetrubromide, § = 294, - roifhed i
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2.11 A bourdon gage reads 13 kPa suction, and the barometer |5 750 mm Hg. Express the prevsure
in tweo other wavs : e

2.12 Express 300 kPa abs in metres of water gage, barometer reading 750 mm.

L13 Bourdon gage A inside n pressure tank (Fig. 7400 reads 80 ko Another bourdon gage B
outside the pressure tank and connected with it reads 120 kPa, and an aneroid barometer reads
750 mm Hg. What is the absolute pressure measured by A in centimetres of mercury?

@i~ (D"

Figure 240 Problem 21X

2.14 Determine the heights of columns of water: kerosenz, § = 0.83; and acetylene tetrabromide,
5 = 204, equivalent to 200 mm Hi

2.15 In Fig. 1.6, for u reading & = 50 cm, determine the pressune ol 4 in pascale. The liquid has a
relative density of 190 -

2.16 Determine the reading b in Fig. 265 for p, = 30 kPa suction if the liquid is kerosene, 5 = 0.5
2.17 InFig 160, for b = 15 cm and barometer reading 750 mm Hg. with water the Hquid, findd Py in
metres of waler absolule.

218 In Fig 26c 5, = 085, 5, = 1.0, hy = 90 mm, k, = 150 mm. Find P, in millimetres of mercury
gage. Il the barometer reading is 730 mm. what is P, in meires of waler absolute”

2.19 Gas is conlained in véssel A of Fig. 26¢. With water the manometer ffuid and h; = 75 mm,
determine the pressure ol A In millimetres of mercury.

2.20 InFig. 270 5, = 1.0, 5, = 0.95, §; = 1.0, b, = h; = 7850 mm, and b, = | m. Compute p, = pgin
millimetres of waler

2.21 In Prob. 220 find the gage difference &y for po = e = =350 mm Hy .

1.21 In Fig. 27h 5, = §; = (.83, 55 = 13,6, ky = 150 mm, h, = 70 mm, and &, = 120 mm. (a) Find p,
if oy = 70 kPa gage. (b) For p, = 140 kPa gage abs and a barometer reading of 720 mm, find pa in
metres of waler gage

1.13 Find the gage difference A, in Prob. 222 for p, = pa

1.24 In Fig 241, A contains water, and the manometer Auid has a relative density of 204, When

the left meniscus is at zero on the scale, pi = %0 mm HD. Find the reading of the right meniscus
for py = B KPa with no adjustment of the-U tube or scale.

L
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Figure 2141 Problem 224
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2.25 The Empire State Building is 381 m high. What is the pressure difference in pascals of 5 water
column of the same height?

1.26 What is the pressure ol a point 10 m below the free surface in & fuid that has o varable
density in kilograms per cubie metre given by o = 450 + ok, in which a = 12 kg/m* and & is the
distance i metres measured from the free surface?

2.27 A vertical gas pipe in o buikding containy gas, p = 072 kg/m® and p = B cm H,0 gage in the
basement At the wop of the building 240 m higher, determing the gas pressure in centimetres waler
gage for wo cases: (o) gas assumed ncompressible and (&) gas assumed isothermal, Barometric
pressare 1034 m HD; 1 = 20°C

1.28 In Fig. 18 determine R, the gage difference, for a difference in gas pressure of 9 mm Hy0.
yr = 38 KN/m*; 3, = 10.5 kN/m™; a4 = 001

2.29 The inclined manometer of Fig. 19 reads zero when 4 and 8 are at the same pressure. The
diameter of reserviairis 5 cm, and that of the mclmed tube 6 mm, For @ = 30%, gage fluid § = 0832,
find pu = pu in pascals ws o function of gage rending R in centimetres.

2.30 Delermine the gravity force W that can be sustained by the force acting on the piston of Fig
242

2.3 Neglecting the muss of the container (Fig. 2.43), find (o) the force temding 1o Lt the ciroular
top CI amdl (b) the compressive load on the pipe wall a1 4-4,

2.32 Find the force of oil on the top surface €D of Fig 243 if the liquid level in the open pipe
reduced by 1.3 m.

&{) mm diam

1 MM

- " i =R AL -
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Flgure 243 Problem 2130
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2.33 The container shown in Fig. 2.4 has a circubar ¢ross section. Determing the upward force on
the surface of the cone frustum ARCT?. What is the downward force on the plane EF7 Is this force
equal to the gravity force of the Muid? Explain.

1. M The cylindrical container of Fig. 245 has a gravity force of 400 N when empty. It is flled with
water and supported on the piston. (¢) What force is exerted on the upper end of the cylinder?
(b} If an additional 600-N gravity force s placed on the cylinder, how much will the water force
aguinst the top of the cylinder be increased?
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Figure 244 Problem 2 33,

1.3% A barrel 600 mm in diameler filled with water has a vertical pipe of 12 mm dinmeter aftwched
o the iop, Neglecting compressibility, how many kilograms of waler must be sdded to the pipe 1o
exert & force of 4 kKN on the 1op of the barrel?

2.3 Avertical rght-angled trangular surface has a vertea in the frec surface of a liquid (Fig 246,
Find the force on one side () by integration and (5] by formula

_.- Bt |JII|HII||I|"T| 2‘-|-III1I|-.... ﬂ'

Figure 246 Problems 2.36, 238, 2.49, 2.0,

137 Detcrmine the magnitude of the foroe acting on one side of the vertical tnangle ABC of Fig 247
i) by integration and (&) by farmula

.38 Find the moment about A B of the force acting on one side of the vertical surface ABC of Fig 246,
y = 9000 N/m?.

138 Find the moment about 48 of the loree acting on one side of the vertical surfsce 4BC of Fig 247,

240 Locate a horizontal line below AR of Fig 247 such that the magnitude ﬂpr:lmr: force on the
vertical curface A BC i equal above and helow the kne

241 Drtermine the fores scting on one side of the verical surface CABCO of Fig 248 = @ I:H.l'ﬂ‘
242 Calculate the force exerted by water on one tide of the vertical annular ares vhown in Fig 249
243 Deicrmine the moment ai A regquired (o hold the gate as shown in Fig 1.5,

X A4 1 ghere is water on the ather side ol the gate (Fig 2 530) upto A, determing the resultant forte dae

to waler on both sdes of the gaie, mcluding its ling of action.




Gate 1.3 m
Wi Gite

Figure L"JI‘Pr:IHuu 243, 244 252

2.45 The shafl of the Eate in Fig,
value of liquid depth &,

246 The dam of Fig. 252 has a strut AR every 6 m. Determine the compressive force in the st
neglecting'the mass of the dam.

247 Locave the distance of the pressure center be
of Fig l#?hmlrpﬂlnnqndbrﬁrmln.
248 By integration locate the pressure center horizontally

251 will il a1 o moment of M5 kN ‘m. Determine the TN

how the liguid surfsce in the trianguler ares AR

in the trisngular srea ABC of Fig. 247,

= 21'm
Figure 251 Probiems 245, 2 85,




R I~

FLUID ETATICE T3

2.49 By using the pressure prism, determine the resultant force and location for the trnngle of
Fig. 144

. 1,50 By integration, determine the pressure cenfer for Fig. Z46
2.81 Locate the pressure center for the annolor aren of Fig. 4%
2.%7 [Locate the pressure center for the gate of Fig 250
2.8} A vertical square nrea 2 by 2 m s submerged in water with upper edge 1| m below the surface.
Locate & horizontal line on the surface of the square such that (a) the force on the upper portion

equals the force on the kwer partion and (b the moment of force aboul the line duc 10 the upper
portion equuls the moment due to the lower portron.

2.54 An equilateral triangle with one edge in o water surface extends downward ol o 45° angle.
Locate the pressure center in terms of the length of a side b

2,55 In Fig. 251 develop the éxpression for v, in terms of b
2.56 L peate the pressure center of the vertical arca C4BCE of Fig 248
2.57 Locate the pressure center for the vertical area of Fig. 131,

388 Demonsirate the fact that the magnitude of the resultnnt force on n totally submerged plane
ares it unchanged if the srea is rotated about an axis through ity centroid.

4159 The gate of Fig. 2.54 weighs 450 kg/m normal to the paper. [1s center of gravity is 45 cm from
ihe left Tace and 60 cm above the lower Iuce 1t s hinged at &, Determine the water-surface
position for the gate just to start to come up. (Water surface is below the hinge.)

M
i R
Ll e MM

[ H = ]
ilihy

Figure 253 Problem 257, Figure 284 Problems 299, 260, 261,

2.60 Find & of Prob. 259 for the gaic jusl lo come up to the vertical position shown.

2,61 Determine the valoe of k und the force against the stop when this force is a maximum for the
gate of Prob. 2.5,

2.62 Determine ¥ of Fig 255 so that the flashboards will lumble when waler reaches their top.
2.63 Delermine the pivol location v of the rectangulor gate of Fig. 256 so that it will open when
ihe liguid surface is as shawn.
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Figure 255 Problem 262 Figure 156 Problem 1563

1.64 By use of the pressure prism, show that the pressure center approsches the centroid of an
area as its depth of submergence is increased,

1.65 (a) Find the magnitude and line of action of force on each side of the gate of Fig. 197,
(8} Find the resultant force due 10 the liquid on both sides of the gate, ic} Determine F to open the
Eate if it s uniform and has & mass of 3 Mg

1.86 For linear stress variation over the base of the dam of Fig. 258, (o) locate where the resultant
crosses the base and (/) compute the maximum and minimam COMPressive wrésses al the base.
Neglect hydrostatic uplift

Figure 257 Problem 265 . Figure 258 Problems 266, 247,

3,67 Work Prob. 166 with the addition that the hydrostatic uplift vanes linearly from 20 m at 4 1o
aero at the 102 of the dam.

.68 Find the moment M m @ [Fig L59) 10 hold the gate closed,

169 The gate shown in Fig. 2.60 is in equilibrium, Compute W, the gravity force of counterbalance
per metre of width, neglecting the mass of the gate. In the gate in stable equilibrium?

1.7 How high th) will the water on the right have to rise to open the gate shown in Fig. 2617 The
gate is 2 m wide, and it is construcied of material with relative density § = 15 Use the pressure
prism method.



Figure 2.99 Problem 268 Figare 260 Problem 169

Figure 261 Problem 270 Figure 161 Problem 271

2,71 Compute the air pressure required 1o keep the 700-mm-diameter gate of Fig. 262 closed. The
gate 1% o circular plate that has & gravity force of 1800 N.

1,72 A 5 m-diameter preasure pipe carries liquid at 1.4 MPa. Whal pipe-wall thickness is required
for muximum stress of 70 MPa

2.73 To obtain the same flow area, which pipe system requires the least steel, & singhe pipe or four
pipes baving half the diameter? The maximum allowable plpe-wall stress is the same in each case.
374 A thin-walled hollow sphere 3 m in dinmeter holds gas at 1.5 MPa. For allowable stress of
&0 MPa determine the minimum wall thickness.

275 A cylindrical container 2.3 m high and 1.3 m in diameier provides for pipe tension with two
hoops 30 em from cach end. When it is filled with water, what is the tension in each hoop due 10 the
wiater?

2.76 A 20-mm-diameter steel ball covers a 1-mm-diameter hole in a pressure chamber where the
presaure is 30 MPo What force s required to hift the ball from the opening?

2.77 If the horizontal component of force on a curved surface did mor eqpual the foree on &
projection of the surface onto a verical planc, what conclusions could you draw regarding the
propulsion of a boat (Fig. 163)?

Figure 263 Problem 277,

«2.78 () Determine the borizontal component of force acting on the mdial gate (Fig. 1.64) and its
line of action. (b) Determine the vertical component of forée and its line of action. (¢ ) What force F
is required 10 open the gate, neglécting its mass? () What is the moment about an axis normal to
the paper and through point &7

R ol
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Figure 264 Problem 278,

7 Eumm:lhfm:}'mmudlnhﬂdlrtplcnfﬁg.lﬂhnrhndpmllhn.ﬂ = &l ¢
Lﬂﬁhhuﬂmrmtrmqnhdmupmnrhﬂdcwmnwnfﬁlﬁi'ﬁm#--ﬁm
181 'Ii'lnlh.ﬂ'q-r]-'u.1Hhmmmmeﬂmh&dmﬂwnMumnﬁm

138 Fidﬁtﬂrﬁnlmmnmﬂrmmlh:wnudﬂud‘ﬁ;lﬂ;hﬂlﬂiﬂ;hlﬁ:-ﬂ

Em Mj
Figwre 165 Problems 279, 180, 281 Figuwre 166 Problemds 287, 206,

2.8 What s the force on the surface whose trace is 0 4 of Fig. 2457 The length normal to the
paper is I m, ¥ = SKN/m”

284 A right<ircalar cylinder is illustrated in Fig. 267. The pressure, in pascils, due to fow
around the cylinder vanes over the segment ABC as p = 201 — 4 sin® ) + 500, Calculate the force
an AR,

1.85 If the pressure variation on the cylinder in Fig 267 isp = 29 % [1 = 1 + sin #7°] + 500,
determine the force on the cylinder

286 Determine the moment M o hold the gate of Fig. 166, neglecting ils mass. _
287 Find the resuliant force, including its line of action, acting on the outer surface of the first
quadrant of u spherical shell of radius 600 mm with center at the ongin 11s center i 1.2 m below
the water surface.
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oS = 08/

Figure 287 Problems 284, 285 Figure 268 Problem 289

I 2,88 The volume of the ellipsoid given by x'fa® + ¥k + 2%c? = | is 4wabec /3, and the area of the
cllipse £%a® + r¥ic? = | is woc. Determing the vertical force on the surface given in Example 19,
189 A log bolds the water s shown in Fig. 163 Determine (a) the force per metre pushing it

u;mmm-:dm.a.mmmmyrnmqmu cylinder per metre of length, und (c) its relative deasity.
1.90 The cylinder of Fig. 2.69 i5 filled wiih liquid as shown. Find ia) the horizontal component of
force on AN per unit of length, including its line of action. and (i) the vertical component of force
on AB per unit of length, including its line of action

1.81 The cylinder gate of Fig. 170 is made up from a circular cylinder and a plate hinged at the
Sam. The gate position is controlled by pumping waler inlo or out of the cylinder. The center of
gravity of the empty gate is on the line of symmetry 1.3 m from the hinge. It is in equilibrium when
empty in the position shown. How many cubic melres of wuter must be added per metre of
cvlinder 1o hold the gate in itx position when the water surface s ruised | m?

Figure 169 Problem 290, Figure 270 Problem 291

192 A hydrometer with gravity force of 0.033 N and has a vem 5 mm in diameter Compute the
drstance between relative denaity maskings 1.0 and 11

1.93 mtnlwdwwmuﬂmmwduﬁlhinmmnfmm“I,Iﬂwhulhumhll
to be 75 mm long.

294 A sphere 250 mm in diameter, relative density 1.4, is submerged in a liquid having a density
varying with the depth y below the surface given by g = 1000 + QOdy kg/m®. Determine the
equilibrium position of the sphere in the liquid

1.0% Repeat the calculations for Prob, 1.94 for a horizontal cireular cylinder with a relative density
of 1.4 and a-diameter of 230 mm.

1.96 A cube &0 om on an edge, has its lower hall of § = 1.4 and upper half of 5 = 0.6, It is
submerged into & two-layered fluid, the lower § = 1.2 and the upper 5 = 0.9, Determine the height
of the top of the cube above the interface.
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1.9 Determine the density, specific volume, and volume of an object that has a gravity foree 3 M
in waler and 4 N m oil. 5§ = LEL

198 Two cubes of the same sze, | m?, one of § = 080, the other of § = L 1, are connected by o
short wire and placed in water. What portion of the lighter cube is above the water surface, und
what s the ienswon in the ware?

299 In Fig. 171 the hollow trianguler prism is in equilibrium as shown when 2 = 30 cmpnd ¥ =0,
Fimd the gravity force of priam per metre af length and ¢ in terms of v for equilibrium, Both lguids
are water Determine the value of v for ¢ = 43 ¢m.

L1 How many kilograms of concrete, g = 135 Mg'm®, must be atisched to a beam having a
volume of 0L m® and § = L&Y 10 cause both 1o sink in water?

L.i01 The gate of Fig. L71 has 5 mass of 228 kg/m normal to the page. It is in equilibriom as
ihown. Meglecting the mass of the arm and brace supporting the counterbalangs, (o) find 18 and [h)
determine whether the gate is in stable equilibrium. The mass W Is made of concrete, 5 = 250

Figare 271 Problem 299, ' Figure 2.72 Problem 2101,

002 A wooden ¢vlinder S0 mm in diameter, relative deénsity 0050, has a concrete cylinder
600 mm long of the same dismcicr, relative demily 230, attached to one end. Determing the length
of wooden cylinder for the system o float in stable eguilibrium with uxis vertizal

L.103 What are the propartions rgth of o nght-circular cylinder of specific gruvity 5§ so that it will
float in waler with end faces horizontal in stable equilibrium?

L104 Will & beam 4 m long with square cross section, § = (U75, float in stable equilibrium in water
with two sides horzontal?

L1085 Devermine the metacentric height of the torus shown in Fig. 273

i Figure 173 Problem 2105

LI06 The planc gate (Fig. L74) weighs 2000 N/m normal to the paper, and its center of gravity is
2 m from the hinge at &. (@) Find & as a function of 8 for equilibrium of the gate. () 1s the gate in
stiable equilibrium for any values of @7

L1M7 A spherical balloon 15 m in diameter is open af the bottom and filled with hydrogen. For
barometer reading of 710 mm Hg and 20°C, what is the total gmvity force of the balleon and the
Ioad o hold it stationary?
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LIOR A fank of fiquid § = QLB is accelerated uniformly in o horizonml direction so that the
pressure decrenses within the bguid 30 kPa/m in the direction of motion. Delermine the
seeelenition
1109 The free surfuce of & liguid makes an angle of 207 with the honzontal when sccelerated
uniformly in n homzonta] direction. 'What is the sceelerntion?

¥ 2110 In Fig. 275, a, = 19 m/s®, a, = (. Find the imaginary free liquid surface and the pressure at
8.C. D, axl E.

f LIN In Fig. 275, a, = 0, a, = 245 mis*. Find the pressure at 8, ©, D, and £, ¢
L112 InFig 175, a, = 245 m/s¥, o, = 4902 m/s". Find the imaginary free surface and the pressure
at B, C, 0, and E.

Figure 2.75 Problems 11100 2111, 2112, 2.116.  Figure 276 Problems 2 111 2114

B 2113 In Fig 276, a, = 9.806 mis", a, = 0. Firad the pressure al 4. B, and C.

& 2.1 In Fig. 176, u, = 4.503 m/s®, g, = 3806 m/»*. Find the pressure st 4, 8, and €,
4115 A circular croas-sectionnl tank of 2 m depth and 1.3 m diameter 1 filled with liquid mnd
accelerated uniformly in a horizontal direction. If one-third of the liquid spills out, detérmine the
scceleration,
Li16 Determine o, pnd &, in Fig 175 for pressure 5t A, 8, and C to be [he same.

L1107 The tabe of Fig 277 is filled with liquid, § = 240 When it is accelerated 1o the right
145 mie', drvw the imaginary free surface and determine the pressure at 4. For pa = % kPa
vicuam determine o
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60 cm———=  Figure 177 Problems 1117, 2123, 2.124, 2134,

. B -
s Ml

4. 118 A cubical box | m on an edge, open ol the top and half filled with water, is placed on an
inclined plane making & 30° angle with the horeontal. The box alone has a gravity force of 500 N
and has a coelficient of friction with the plane of 0.30. Determine the accelemtion of the box and
the angle the free-water surface makes with the horizonial,

1.11% Show that the pressure is the same in all directions at & point in a liquid moving as a solil,

2.120 A closed box contains (wo immiscible liquids. Prove that, when it is accelerated uniformly
ifi the o direction, the mierface and zero-pressure surface ore parallel,

121 Venfy the statement mude wn Sec. 2.9 on uniiorm romiion about & vertical axis thar, when o
fuis rotates m the manner of a solid body, no shear stresses exist in the Auid.

2.122 Avessel containing liquid, 8 = 1,2, is rotated about a vertical axis. The pressure al one point
Wt m radially from the ands is the sume us ot anether peint L2 m from the axis and with elevation
0.6 m higher. Calculule the rolationsl speed.

LI The U tube of Fig. 277 is rodaied about a vertical axis 15 cm 1o the right of 4 u1 such a spesd
that the pressure at 4 is zero gage. What is the rottional speed?

3124 Locate the vertical axis of rotation and the speed of rotation of the U mbe of Fig. 277 s0
that the pressure of liquid a1 the midpoint of the U tube and a1 4 are both zero,

L125 An incompresgible fluid of density p moving as a solid rotates st speed w aboul an axis
inclined at 8° with the vertical. Koowing the pressure at one point in the fluid, how do you find the
pressure sl any other point}

2.128 A right-circular cvlinder of radius r, anad height &, with axis vertical is open at the top and
filled with Iiquid At what speed must it rotate so that half the area of the bottom is exposed?
L1I7 A liyuid rolating about a horizsaial axis as a solid has a pressure of 70 kPa ar the axis
Determine the pressure variation along o vertical line through the axis for density 5 and speed .
2.128 Determine the equation for the surfaces of constant pressure for the situation described in
Prob. 1127,

L12% Prove by integration that o paraboloid of revolution has a volume equal to half its
clrcumscribing cylinder.

LIM A tank conteining two immiscible lquids is roiaied aboui o vertieal axis Prove that the
ivierface hus the sume shape as the zero-pressure surface.

1131 A hollow sphere of madius r, s flled with liquid and rotated about its vertical axis af speed o,
Locate the cireular ling of maximism pressore.

2132 A gas following the law Fp~ = const is rowted about a vertical nxis as a solid. Derive an
expression for pressure in a radinl direction for speed w, pressure Py, and density pgul & point on
the axis.

2133 A vessel contuining water is romted about a vertical axis with an angular velocity of 50 rad/s.
Al the same time the container has a downward acceleration of 4,903 m/s®, What s the equation for
& surface of constant pressure’

2.1 The Ll tube of Fig. 277 is rotaled aboul a verlical axis throdgh A at such a speed that the
Waler in the tube begins to vaporize i the closed end above A, which is at 20°C. hat is the angulnr
velocity? What would happen if the angular velocity were increased? Lok’
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L1385 A cubical box 1.3 m on an edge is open a1 the wop and fillled with water When i is
accelerated upwend 245 ms®, find the magnitude of water force on one side of the box.

- L13 A cube | monan edge is filled with liquid, 5§ = 0,65, and in accelerted downwand 245 mfs®.
Find the resultant force on one side of the cube due to liquid pressure,
L13T A cylinder 60 cm in diameler and 2 m long is sceelerated uniformly along s axis in &
harizontal direction 4.903 m/s%. 1tis fMlled with liquid, 5 = TRS0 N/m®, and i1 hns a pressure along its
aais of 70 kPa before acceleration starts, Find the horizental net force exerted agninst the liguid in
ihe cylindér ]
1M A closed cube, Y00 mm on an edge, has a small epening af the conter of ita top, When i is i
filled with water and rotated uniformly about s vertical axis through i1s center at wi radfs, find the
force on a side due Lo the waler in terms of w.




