FS.2.L2 - Solutions

Wednesday, February 13, 2019 7:27 AM
Fluid Mechanics
Foundation Stage (FS.2.L2)
Lecture 2
Hydraulics, Buoyancy
Fluid Mechanics Timeline
Fluid Statics Fluid Dynamics
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Textbook Chapters (* calculus version)
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Warm up

BoxSand :: KC videos ( Buoyancy )

Knight (College Physics : A strategic approach 39) :: 13.4
*Knight (Physics for Scientists and Engineers 4th) :: 14.4

Giancoli (Physics Principles with Applications 7t") :: 10-7

Problem Statement: Aboxof1mx1mx1m(LxWxH)issubmerged 1 meter underwater as shown in the image below. The
container of water the box is in is near the surface of the earth, so the pressure right outside the water is atmospheric pressure.

(a) Calculate the pressure at the top (b) Calculate the pressure at the bottom

surface of the box.

R: Pwhx + /Ojcl

\l

-
N

I, 125 Pu

(c) Calculate the force from the pressure at the top of the box. (d) Calculate the force from the pressure at the bottom of the box.

F=-p A =-(nns) (D) F = R4 = (o) ()

|O), 3% + (looc)(‘l@( D) = 101325 4 (ed (0.9

surface of the box.

P—L: Parn + /ﬁjc] [

7= lloas Re
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https://boxsand.physics.oregonstate.edu/ph202/fluid-mechanics/buoyancy-fundamentals

F=-n A =-01,1rs) (D) F = P4 = (o))

= 120925 N

=11, 128 N

negatic bl poinks doun

(e) What is the sum of the two forces due to the pressures at the top and bottom of the box. Be careful with signs.

1 — —_—
Fn&: F\"—E—

1l

120,425 -1l1,126 = 9,800 N

(f) Use the definition of buoyant force |ﬁB| = pg Vgq 8 to calculate the value of the buoyant force and compare it to your answer from
part (e). What can you conclude about the buoyant force definition?

Hints: psis the density of the fluid which is water in this problem, Vyq is the volume of the fluid that the object displaces which is just
the volume of the object in the problem because the entire block is submerged, finally g is the acceleration of an object in free-fall.

€= aMag = (moa)(2-)(45)

9960 N

V)

- Sone as T2 AP

Selected Learning Objectives

L. Coming soon to a lecture template near you.

Key Terms

o Archimedes Principle
o Buoyant force

Key Equations

|FB| =ptVra 8
Key Concepts

~ Coming soon to a lecture template near you.

Questions

Act I: Hydraulics
FS.2.12-2:
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Problem Statement: Consider the odd shaped container shown below.

(a) You pour water into the left most tube only. Rank the
heights of the fluid in each tube at equilibrium.

h=h = hy = b

st

(b) Rank the pressure at the bottom of each tube.

Pl:Pl: F}ZPq

Problem Statement: Consider two different masses are initially placed on top of equal area low friction pistons as shown in the figure
below. The container has a third piston where a force F is applied such that it doesn't move.

(a) What happens to the other two pistons?
(1) The 1000 kg and 600 kg masses move upwards.
(2) The 1000 kg mass moves upwards while the 600 kg mass moves

downwards.
(3) The 1000 kg and 600 kg masses move downwards.

4) The 1000 kg mass moves downwards while the 600 kg mass remains still.
ﬁ@we 1000 kg mass moves downwards while the 600 kg mass moves  —
upwards.
(6) Both the 1000 kg and 600 kg mass remain at rest.

Sate 'naj\ajc = P=R=R

> 1Corc¢ fg-om pressure vp on each f;ic-l—m s =
FP F?

=f——T

=
(cCoo kJ) (j)

G000 1)(9)
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(b) Which of the following actions could case the 1000 kg mass to move upwards
and the 600 kg mass to move downwards.

@\Aake the area under the 600 kg mass smaller.

Make the area under the 1000 kg mass smaller.

(3) Make the area under the 600 kg mass larger.
ake the area under the 1000 kg mass larger.

(5) No actions can cause the 1000 kg mass to move upwards and the 600 kg
mass downwards.

p- &
A

F=PA & if AT 7
7 if AL, FL

Same under
ka+L f;!lfbl\i

F

6(;‘”(9

Problem Statement: We eventually wish to rank the forces required to balance the masses on frictionless pistons. The areas of all the

pistons holding the masses are the same. The areas of the pistons where the forces are applied are also the same.

(a) Consider system 3, which of

7

the following statements are true? 1
(1) PL=Pwm=Pg 60U ko
L>Pm > PR ~| F]? — | e

(3) PL<Pm < PR
(4) P|_ > PM = PR
(5) PL<Pm=Pg

(b) Which of the following is true comparing P; and P3?

(1) P1=P3
F1>F3
(3) P1<P3

(4) Unable to determine because they are separate containers.

(c) Rank the magnitude forces required tgfalance the masses at the same height as shown.

)Y Qﬁ:m;c |-
(22 B on \
=-ph %A,

F=RA A - Same for ea.alq

R A¢ )ois’rw

; . D ROP
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Problem Statement: Consider the image below which is a very basic hydraulic lift with a level that pushes down on a small frictionless
piston, which in turn applies pressure on the oil which then lifts the object. Many hydraulic car jacks work in a similar way.

(a) What ratio of radii (rs/r2) would give you a hydraulic mechanical advantage of 3?

.‘_
=

(1) 1/9

(2) 1/3 = PA ) B, -3

3 1 a
> '_E}— _ ,’f‘l ﬁrsl b

(6) 9 =Y
2 A
5 5.
> ST

T

\\

(b) If the area of the larger piston is 9.42 m?, what should be the radius of the smaller piston so that
the hydraulic mechanical advantage is 3?

A YL o

Tt

(c) Asthe picture is drawn, what is the mechanical advantage of the total system? l?
1
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(c) As the picture is drawn, what is the mechanical advantage of the total system?

(1) Greaterthan 3
Less than 3 Fl 2,
(3) Equalto 3 J/ef——‘—'/T

T

=

g Q\: % k. g

) ;L:%g.
A\

Act ll: Buoyancy

NN m,z(,}\m?l,a\ mlv,

—

el

Problem Statement: Consider a person standing on the level ground near the surface of the earth. Which one of the FBD correctly

describe the forces acting on the person?

A

B

&%m - Qusé C

N dmio A Cnl\’ " e GL:]:'
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Problem Statement: Two equal-sized action figures that have different masses are held by strings so that they are submerged in water at
different depths.

(a) The pressure exerted on the bottom of the 3 kg mass by the water is the pressure on the bottom surface of the 1 kg
mass.

eater than
2) less than
equal to
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(b) The buoyant force exerted by the wateronthe3 kgmassis__ the buoyant force oo v
on the 1 kg mass.

(1) greater than FB':_ A AP 72\ (P »\..ub

(2)_less than
equal to
) d Soue Al“
fe euh
(c) The tension in the string holding the 3 k%_mass is the tension in the string
holding the 1 kg mass. ?

(1) greater than 3 kglobject 1 kg object

(2) less than

e v
(3) equal to @ﬁ/N ¢

;T

™
"

Problem Statement: In each case, a block hanging from a string is suspended in a liquid. All of the blocks are the same size, but they
have different masses (labeled M) because they are made of different materials. All of the containers have the same volume of liquid,
but the masses of these liquids vary (labeled M) since the liquids are different. The volume of the blocks is one-sixth the volume of the
liquids. Rank the buoyant forces on the blocks.

A Ceiljng B Celling C Celling D Celling
3
>
Mb=409 Mb=SUg Mb=30g Mb=40g
M_=200g | M =200g| M =1509g M =120g

i:ﬁ‘; UC{Q\‘)G o‘[‘ JF*L@J (}wg

P Vi 3 3
Same Sarcnch
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Problem Statement: Four blocks are suspended from strings in water. Blocks A and C are at the same depth, as are B and D. Rank the
tensions in the strings.

Ceiling_ (b ﬁw/\n

Fp’ Ff 'F/u): =°

:> V"]a: ?B+ ;T

MJ = ;T:M3-FB
L=

Sane Qf ZLLL

:> ;(S,T FTJ,

Problem Statement: Consider a distant planet where the acceleration of a freely falling object (g) is greater than that on earth.

(a) Would you float more or less easily in water on this planet compared to earth? Hint: how easily we float VB_‘_\ V7

can be quantified by looking at the ratio of your volume below the water to your total volume.

(1) More easily @ﬁy ?V £

2
f5= AL
/0 ﬁ MNa
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(b) If the density of the fluid is less than an object, which of the followmg statements are true'-> /‘

(1) Vu/Vr=1 ; and it sinks

=1; andi b‘a—k 3
i(?’) Vu/Vr>1 ; and it sinks l / blvak An‘is‘o
(4) Vu/Vr>1 ; and it floats

(5) Vu/Vr<1 ; anditsinks
(6) Vu/Vr<1 ; anditfloats

vy S = N VO

\/{ D rore ondervater
P bl 2k
\Oé S\f\k&\j\

Srall — /éué

Problem Statement: A cup has a few cubes of ice floating in it. When the ice cubes melt, what will happen to the water level in the cup?

(1) Rise.
R _ o \(& O’p QF hH
foce F = e L\\l
\,Jb\s\ﬂ)‘ o8

.D /\ Bcv \\)os \ v O\ (6\\\\7«5\{ W
Fs21213: ~ 50 e AR A ot e
Descrption: Determine signsoffrstaw quantities. (5 minutes) 3 Q"“ SV, R
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Problem Statement: A piece of gold is fastened on top of a large solid piece of Styrofoam that floats in a container of water. Because the
weight of the gold, the waterline is flush with the top surface of the Styrofoam.

(a) Which of the following statements are true if the system is

turned upside down so that theﬁ!us now suspended
underneath the Styrofoam? 9e

(1) _The system sinks.
(2) The waterline is below the top surface of the I
Styrofoam.

(3) The waterline is still flush with the top surface of the
Styrofoam.

—

c\is‘ﬂa.u;s Sare  volwme in each

(b) The water level in the container

(1) ri lose Since 87 L)Cijl‘\s ‘{f)q& Sane.
(3) remains the same. b{/.fpng_ g( a,—C'lZY—/'. Golé i< ATSP]aCMJ

wake in seond case . Volome of sl;yn,-ﬁa.m

JISf\w—“ Sorme V
above the vater L.\‘)H Le &Lua] b \/olu.f\c

of joll '

Problem Statement: Two mobsters drop a suspiciously large brick of concrete out of a boat in a large lake. Does the level of the water in
the lake, relative to the shore, increase, decrease, or stay the same?

crease.

(2) Decrease.

(3) Stays the same.

(4) Depends on who's asking, are you asking?

éu({\ww‘ Nolure

e e
begs e afbe
Co :/Q\Lf\ 8 /%\[cf)
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Problem Statement: We eventually wish to determine the smallest number ( N') of whole logs ( piog = 725 kg/m?, radius = 0.08 m, length
=3.0 m) that can be used to build a raft that will carry four people, each of whom has a mass of 80 kg.

(a) Draw a FBD for the raft or the raft + people system.) You choose the system, there is no right 1
or wrong system. f

™

(b) Which of the following equations can be used to (c) Which of the following equations represents the volume of the displaced
determine the mass of the raft? water if the raft has a minimum number of logs?

1) Vig

(2) p.- N-Ter?L = M \]\o)

(3) PIog/N'T['r'I- 3 Vieg
(4) plog/ N-r-r?-L (4) 1/2 Vratt

N(ﬂn \/‘ﬂ - N/@ﬁ(wr%L

(d) What is the smallest number (N) of whole logs (piog = 725 kg/m?3 , radius = 0.08 m, length = 3.0 m) that can be used to build a raft that
will carry four people, each of whom has a mass of 80 kg?

FB: (3 lep ¥ Nﬁll.rrr’“: NLﬂrlﬂ)
ne = N (Le) (4,4,

_ Yne

LwrrL(/a f> =19 19 =\ N=20 bJ;

?3: H Y"\ps# NﬁﬁL’ﬂrlj
§B=@N \/\aff N Lfrrl(ﬂ;f)

Conceptual questions for discussion

L. Coming soon.

Hints
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FS.2.L1-1:

FS.2.L1-2:

FS.2.L1-3:

FS.2.L1-4:

FS.2.L1-5:

No hints.

No hints.

No hints.

No hints.

No hints.

FS.2.L1-6: No hints.

FS.2.L1-7:

FS.2.L1-8:

FS.2.L1-9:

FS.2.11-10

FS.2.L1-11:

FS.2.L1-12:

FS.2.L1-13:

FS.2.L1-14:

No hints.

No hints.

No hints.

: No hints.

No hints.

No hints.

No hints.

No hints.
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