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:

For all fluids near Earth's surface: i—P =—pg
y
For incompressible fluid, p = (constant) = P =F, —pg(y—y,)

For compressible fluid, equation is more complicated;

For an "ideal gas": p:P& éd—szP L4
B dy i

_FPoS§, JT— _ V= V=X
— R ~ 8000m Smi
=P(y)=Fe ~ Fe " =~ Re ™

Forsmall y—y,, P(y)=F, —pog(y—yo)
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Buoyant force

Buoyant force : FB = pﬂuidgl/;ubmerged

Net force on cube from fluid :
Fy=F, -F,, = pﬂuid(AAy)g

ottom top

= FB = pﬂuidl/submergedg
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Scale reading due to buoyant force:
Scale reading :
T+F,—-mg=0
F.

sate =T =mg —Fy

Fy = pﬂuidI/submergedg

mg =p iV eoia&
If Pogig < Psotia Vvubmerged =V
Measure solid density using :

psolid _ mg _ mg

p/]u[d FB mg — Fvcale
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Scale reading due to buoyant force:

Scale reading :

T+F,-mg=0
Fowe =T =mg —Fy
Ii Fy = Pﬂuistubmergedg

(@ mg = pso]id Vsolidg
( ? If pﬂuid > psolid I/Submergeo[ < I/Solid

s =
Y . . .
- | = T =0; Measuresolid density using :
Psolid V sibmerged
[ g\\/ soli — submerge
— P fuia V eotia
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Mercury is poured into a U-tube as shown in Figure 8, The left arm of the tube has cross-sectional area A, of 9.5 cm?, and
the right arm has a cross-sectional area A, of 5.30 em”. Four hundred grams of water are then poured into the right arm as
shown in Figure b.

A Ay A Ay VYater

S Do

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/cm”, what distance h does the mercury rise in the left arm
cm
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A Ao A Ay Water

S Mercury 7N
P = szogf + pHggAZ
= pu8lh+ Ay +Az)
= P08l = P, glh+4y)
Note that: 74, = Ay4,
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Pir.08! = Py g(h+Ay)
Ah=A,Ay

A
= P08l = Py gh| 1+ —*
4,

B Pu,0
A
A2
For/=02m, A4/4,=2:
1000
2m———
13600(1+2)
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pHg 1+

=0.0049m




Fluid dynamics (for incompressible fluids)

A= 0, fluid in the blue
portion is moving past
point 1 at velocity ¥,

For an "incompressible" fluid :
p© = (constant)

Consider a given mass of fluid

M = pV, = pV,

M = pdAx, = pA,Ax,

M = pAyv,At = pA,v,At

= Ay, =4,v,
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Approximate energy conservation in fluid dynamics
=» Bernoulli’s equation

Energy - work relationship on

The presurc "piece" of fluid M

point 1is P,.

o v’/ K, +U+W,,, =K, +U,
PR N )

_\"4;. TR Point 2 Kl +U1 +VVl%2 =K2 +U2
el e 3M + Mgy —(B-R)AV =
B i ): TPt %MV;-O—ngz
/ . M=pAV
| o+ oen = (B -R)=1pv) + pgys
. TPV P+ B =5+ peyy + By
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Bernoulli’s equation:
1 2 _1 2
7PV + gy + R =5pv, +pgy, + P
P :,-/:p‘_} V=Y, Alv] = A2v2
‘o 1 2 1 2
@ | P +BE=5pv,+ b
D=y ——— ——, y 2
4 1,2 2 _
Lol 1-| 22| |=R-P
A 4
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Bernoulli’'s equation:
1 2 _ 1 2
2PV gy + B =5 vy +pgy, + B
Point 2 is the surface | 5
of the liquid. 2PV + P8Vt P=
1 2
Ao point 1 2PV +pgy + Ry
P 2 oint 1 is
the exit A2V2 = Al 1%
I point of
I A the hole.
Yo N
L
£
N
Y
1 1 PHY 113 A |l 1 U 1
Possibilities:

Fire extinguisher
2>P>>P,

. [2P-R)
P
Example: P =10F,

b~ 180 _ 18-1.013x10°
! p) 1000

W4l

=42.7m/s
11 01 HY 113 Il 201: i 14
Possibilities:
Point 2 is the surface
Open top: of the liquid
SP=P,
v, =+/2gh

Example: #=0.5m

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

=3.1m/s
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iclicker question:
Notice that if P<<P,, v, could
become very small. How
might this happen?

A. Put an air-tight lid on

11/7/2012

Point 2 is the surface the tOp.
£ the liquid. )
A ) B. Remove the lid on the
f t
TR Ay | Point 1is op.
WS dN C. This will never
T point of happen'
I A the hole.
a1
» Jr Cp
— V|
Py
¥
(R
11, 1 PHY 113 A |l 1 ecture 1
Siphon

The air approaching from
the right is deflected
downward by the wing.

Drag
|

Simplistic statement:

TPV +pgy + B =
%/U\/f +p80, +F

Lol —vi)=p -2
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