Lecture 30
(Ch 9: 7-8)



Chapter 9: Solids and Fluids
Fluid Pressure

We call fluids the matter can that flow, mainly liquids
and gases. When they are trapped in a container and
do not flow, we call them static fluids.

Pressure In fluids is a scalar quantity similar to the
concept of stress in solids. As such, pressure is also
a measure of force applied on an are.

PZ%, in SI: Pascal (Pa); 1 Pa = .

2
m

The standard atmospheric pressure at the sea level is
1 atm = 1.013 x 10° Pa. The atmosphere (atm) is not
an Sl unit, but convenient when comparing pressure.



Chapter 9: Solids and Fluids

Fluid Pressure

Fluid pressure increases with
depth, as the weight of the column
of fluid increases. In the case of
liquids, the density remains almost
constant with the depth. We call
liquids incompressible, as their
volume will not decrease
significantly under pressure. This
IS not the case for gases.
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Pressure at bottom of column is
due to weight of overlying fluid:
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Chapter 9: Solids and Fluids

Buoyancy and Archimedes’ Principle

We call Buoyant the forces that provide lift to an
object due external pressure, which is related to the
density of the medium surrounding it.

These forces are responsible for keeping hot air
balloons in the sky, or boats afloat.




Chapter 9: Solids and Fluids

Buoyancy and Archimedes’ Principle

Archimedes’ principle states that the buoyant force on
an object submerged in a fluid is equal to the weight
of the displaced fluid.

Fg=W iptaced fruia = Puia g V > Archimedes' principle, in SI:N
mg _ p(Ah)g _ F
Pcolumn A A _pgh’P_Z_)F_pghA_ng
sl > < ) Fg = weight of fluid
4 | displaced by block.
,_&5213__ g Buoyant force Fy Fg Water is denser than
— _‘: 1s due to pressure d S
| }fFB difference between Duvarer > P ‘]_J;et Wood (Pyater > Pwood) - -
& - top and bottom: i Hede " .
3 - “ete. .. 50 block’s weight
Frotinin F8 = Foottom = Fiop- }'w w 18 less than Fg, and
the net force is upward.




10 kg solid cube, made of metal whose density is 3000 kg/ms, is suspended by a
steel cable. What is the tension in the cable when the cube is immersed in water ?
Consider water density is 1000 kg/m?>.

Density cube = Mass cube /VOIUME (upe
Volume pe- 10 kg/(3000 kg/m?) = 3.3 x 10° m®
Tension = Weight ¢ pe — F buoyancy on cube
F buoyancyon cube =  (Water density) . Volume cype - 8 Gravity of Earth

Tension = 10kg. 9.82 m/s* — 1000 kg/m>.(3.3 10 m®).(9.82 m/s’)

Tension= 65.8 N
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Fluids in Motion

* The fluid 1s nonviscous.
* The fluid is incompressible.
* The fluid motion is steady.

 The fluid moves without turbulence.
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Equation of Continuity

The width of the stream
narrows as the water falls and
speeds up in accord with the
continuity equation.
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Figure 10.18
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Flow rate Q is the same throughout lhe tube. The
fluid segment has the same volume V in both
parts of the tube, but its speed v is inversely
proportional to the cross-sectional area A.
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Figure 10.17

Reducing the area of the
.-~ hose opening increases
the flow speed.




Water moves through 25 cm in diameter pipe with velocity 4 cm/s.

What is the water velocity when the diameter of the pipe drops to 15 cm ?

Equation of continuity  A; .Vi=A;.V,

2 2
,M_\ W\/\ 2 /“_\%\,3'— w\/?/

| U
y{(zsxm*z m)2/4).‘(4x 10%m/s) = (m.(15x107 m)‘*/;),rv2

Vo= 0.11m/s



37. B@ A hypodermic syringe contains a medicine with the density of water (Fig. P9.37). The
barrel of the syringe has a cross-sectional area of 2.50 x 107 m®. In the absence of a force
on the plunger, the pressure everywhere is 1.00 atm. A force 1_5 of magnitude 2.00 N is
exerted on the plunger, making medicine squirt from the needle. Determine the medicine’s
flow speed through the needle. Assume the pressure in the needle remains equal to

1.00 atm and that the syringe is horizontal.

Figure P9.37

=G
9.37 From Bernoulli's equation, choosing y = 0 at the level of the syringe and

needle, P, + % pvs =P+ %p‘azf , so the flow speed in the needle is

2(F,-F)
P

In this situation,

F 200N

=—=ﬁ=&00x1041’a
guee 4 250%10° m?

B-P,=F-P_=(F)

Thus, assuming v, =0,

=|12.6 m/fs

2(8.00%10* Pa)
v, =,|0+ 5
1.00x10° kg/m’



Bernoulli’s Equation

The tube of fluid between points | I/I/I = P;Axl = })lAl Axl — RV

@ and © moves forward so it is

between poi and ©. | W; = _PzAzsz — —}DZV
| Waia =BV =BV
1 2 1 2
AKE = Emvz —Emv1

APE = mgy, —mgy,
Wasqa = AKE + APE —

1 ]
BV —-PRJV = Emvz2 —Emvl2 +mgy, —mgy,




Bernoulli’s Equation

1 1
BV -PV :Emvz2 —Emvl2 +mgy, —mgy, —>
1 1

H—-F :-2-pv22 _Epvlz T P&V, — PEN

rearranging:

1 1 : :
P o pv’ +pgy, =P, + pv," + pgy, (Bernoulli's equation )

|
P+ 5 pV° + pgy = constant
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38. ] When a person inhales, air moves down the bronchus (windpipe) at 15 cm/s. The
average flow speed of the air doubles through a constriction in the bronchus. Assuming
incompressible flow, determine the pressure drop in the constriction.

9.38 We apply Bernoulli's equation, ignoring the very small change in vertical

= . 1 2 v 1 e a2 3
position, to obtain H—I‘}:Ep(v;—vf):Ep[(Zv:) —vf]=§pvf,or

AP:%(I.Z‘.? kg/m®)(15x107 m/s) =[4.4x107 Pa




44, A large storage tank, open to the atmosphere at the top and filled with water, develops a
small hole in its side at a point 16.0 mm below the water level. If the rate of flow from the
leak is 2.50 x 10 ¥ m” /min, determine

a. the speed at which the water leaves the hole and

b. the diameter of the hole.

944 (a) Apply Bernoulli's equation with point 1 at the open top of the tank

and point 2 at the opening of the hole. Then, P, =P, =P__ and we

assume v, = 0. This gives EPY’E P8y, = P8Y,, or

2, =428y, ~v,) = /2(9.80 :/s? ) (16.0m) = [17.7 m/s

(b) The area of the hole is found from

3

j=.12.35><1crs m?
605 J,l

o, 17.7 m/s

4 _ flow rate _ 2.50x107 m’ fmin[l min
- L

But, A, = m:'; /4 and the diameter of the hole muist be

f4 4(2.35%10"° m? .
d, = :2 =J ( '}=1.73><10"m= 1.73mm

b




Other Applications of
Fluid Dynamics
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Surface Tension, Capillary Action,

and Viscous Fluid Flow

The vertical components of
the surface tension force
balance the gravity force.
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Surface Tension, Capillary Action,
and Viscous Fluid Flow




Surface Tension, Capillary Action,

and Viscous Fluid Flow

Table 9.2 Surface Tensions for  y =— Sl unit: N/m
Various Liquids L

Surface

Tension N N-'m J
Liquid T (°C N = )

qui (°C)  (N/m) A i i

Ethyl alcohol 20 0.022
Mercury 20 0.465
Soapy water 20 0.025
Water 20 0.073

‘ater 100 0.059
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Surtace Tension, Capillary Action,

and Viscous Fluid Flow

Calibrated

Wire ring

Film



The Surtface of Liquids
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Capillary Action

2 F:yLzy(27rr)
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Capillary Action
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50. 6] To lift a wire ring of radius 1.75 cm from the surface of a container of blood plasma, a
vertical force of 1.61 x 10~ * N greater than the weight of the ring is required. Calculate the
surface tension of blood plasma from this information.

9.50 Because there are two edges (the inside and outside of the ring), we have

F o F
L. Zcircumference)

}’:

3 1.61x10° N

= =|7.32x10 N/m
drr  4r(1.75%107 m)




52. [I% Whole blood has a surface tension of 0.058 N/m and a density of 1 050 kg/m". To what
height can whole blood rise in a capillary blood vessel that has a radius of 2.0 x 10 % m if
the contact angle is zero?

9.52 The blood will rise in the capillary until the weight of the fluid column

equals the total vertical component of the surface tension force, or until
p(m*)h . g=F cos = }2nr) - cos f
This gives

_2ycos® 2(0.058 N/m )cos 0°

pgr  (10.50 kg/m®)(9.80 m/s*)(2.0x10° m)

h



