PHY 113 A General Physics |
9-9:50 AM MWF Olin 101
Plan for Lecture 27:
Chapter 14: The physics of fluids
1. Review of static fluids

2. Bernoulli’s equation
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Review of equations describing static fluids in terms
of pressure P and density p:

. P
For all fluids near Earth's surface: d— =—pg

dy
For incompressible fluid, p = (constant) = P=F, —pg(y—y,)

For compressible fluid, equation 1s more complicated;

- P
For an "ideal gas": p:Pp—O :>d_:_p Po&
5 dy F,

—%(J’—J’o) Y=o V=Y
_ Fy ~ Pe 8000m ~ P Smi
= P(y)=Fe ~ L€ ~ )€

Forsmally-y,, P(y)=F, —pog(y—yo)



Buoyant force

BUOyant fOrce . F B — p ﬂuidg I/Subnftergea’

Net force on cube from fluid :
F, B — F, bottom E‘op =P fluid (AAy )g

— F B — p ﬂuidI/Submerged g
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Scale reading due to buoyant force:

11/07/2012

Scale reading :
I'+F,—mg=0
F

scale

F B — p ﬂuidI/Submergedg
Mg = Pygiia? soia &

If p fluid < p solid I/Submergea’ = ¥V solid

=T =mg - Fj

Measure solid density using :

Psolid — @ — mg

pﬂuid FB mg — Evcale

PHY 113 A Fall 2012 -- Lecture 27 5




Scale reading due to buoyant force:

Scale reading :
I'+F,—mg=0
F

scale

F B — p ﬂuidI/submergedg
Mg = PiiaV soia &
If p fluid > p solid I/Submerged < I/Solia’

— T'=0; Measure solid density using :
V

P solid . submerged

=T =mg - Fj

P fuid Voiia
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Mercury is poured into a U-tube as shown in Figure a. The left arm of the tube has cross-sectional area A1 of 9.5 cm?, and

the right arm has a cross-sectional area A2 of 5.30 cm?. Four hundred grams of water are then poured into the right arm as

shown in Figure b.

\_/ \__/J

Mercury

(a) Determine the length of the water column in the right arm of the U-tube.
cm

(b) Given that the density of mercury is 13.6 g/cm3, what distance h does the mercury rise in the left arm?
cm
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= Py 08l = pyglh+Ay)
Note that: 74, = AyA4,
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P08t = IOHgg(h T Ay)
Ah=A,Ay

A
= Pu,08t = pHggh[l T lj
A4,

Pr,0

A
pHg£1+141j
2

For/=02m, A4 /A4,=2:

h=0.2m 1009 =0.0049m

13600(1 +2)

h=/




Fluid dynamics (for incompressible fluids)

At ¢t = 0, fluid in the blue
portion is moving past
point 1 at velocity v;.

For an "incompressible" fluid :

0 = (constant)

Ax Point 2

Consider a given mass of fluid

M = pV, = pV,

| M = pA Ax, = pA,Ax,
Afteratiﬁléimervalm, M = IOAIVIAZ‘ — pszzAt

the fluid in the blue
portion is moving past

point 2 at velocity V. :> Alvl — A2V2
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Approximate energy conservation in fluid dynamics
= Bernoulli’'s equation

The pressure at
point 1 is P;.

PAT

=

N Ax

v

11/07/2012

\Z Point 2

The pressure at
point 2 is Pz

—>
V

l

Energy - work relationship on

"piece" of fluid M

K, +U+W_ =K, +U,

K, +U,+W_,=K,+U,

LMV + Mgy, —(P,— P)AV =
R %va + Mgy,
M = pAV

%pvl_l_pgyl (Pz Pl) 2/0"2"':0@3/2
TPV, +pgy + B =% pv; + pgy, + P
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Bernoulli’'s equation:

3Pv; +pgy, + B =3 pv; + pgy, + P,

C~)P _ —
7 ! A N =) A, = 4,v,
1 2 1 2
@ 7PVt =5 v + 1
O —— =%, [ [
| | _—— 1 1,2 2 _
AV, A2 7 Pvy| 1= o =H-F
A !
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Bernoulli’'s equation:

3PV, +pgy + B =3 pv;, +pgy, + P,

Point 2 is the surface

of the liquid. Lov:+ pgy, + P =
_ o
5PV, + + K
5 Ay Point 1 is 2 PV T PEV T b
" / the exit A2V2 — A1V1
point of
7 the hole. 2,0gh + 2(P _ I)O)
S "= ( 2\
Y2 / . (Alj
AF - V| p 1_ .
P, p
)1 \ . 2 )




Possibilities:

Point 2 is the surface

Fire extinguisher of the liquid.
2>P>>P, i

2 Point 1 1s
_ P / :
the exit

2P—P T e
R E
IO J T“..vn

Example: P=10F,

. [8A _\/18-1.013><105
1 0 1000

=42.7m/s




Possibilities:

Point 2 is the surface

Op en tO p of the liquid.
>P= PO ] B A2 Point 1 is
/ the exit
T point of
i A the hole.
72 / A
v ~2gh e
1 g : :

Example: 4#=0.5m

v, ~/(2)9.8)0.5)m /s

=3.1m/s
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2pgh+2(P—-P,)
VYV, =
! ( y 2) iclicker question:
pl1-] =+ Notice that if P<<P,, v, could
\ A, become very small. How
\ / might this happen?
A. Put an air-tight lid on
Point 2 is the surface the tOp.
of the iquid. B. Remove the lid on the
s Ao Point 1 is top. _
V“JT/ the exit C. This will never
point of ha en.
7 A the hole. PP
1 §
Yo

- /9?1

By
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Siphon

11/07/2012
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The air approaching from Simplistic statement:

the right 1s deflected ] 2 .
> PV, + + B =
downward by the wing. 2 PVt T P& 1
o 5 PV, + pgy, + P,
rag
1 > 2\
| 5/0("1 _Vz)_Pz_Pl
f’ — Lift
u
| |
\
—4 V1, Py |

i
;/vz, P, .

—-“——_ ‘—‘-—
el <—
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