Thursday April 6

Topics for this Lecture:
* Fluids
* Buoyancy
 Fluids in motion
*Bernoulli’s equation
*Hagen-Poiseuille equation
* Viscosity

* Assignment 12 due Friday

* Pre-class due 15min before class
*Help Room: Here, 6-9pm Wed/Thurs
*Sl: Morton 326, M&W 7:15-8:45pm

» Office Hours: 204 EAL, 10-11am Wed
or by appointment ( )

 Continuity: p*A*v = constant
*Bernoulli: P + pgh + 1pv* = constant
*Fire = (AP)°A
* Hagen-Poiseuille:

_ 7TR4(P upstream P downstream)

B 8nL

Next week’s lectures, guest starving:

Thursday
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You want to salvage your yacht. You don’t have traditional salvaging a
equipment, but you did recently inherit a ping pong ball empire.

You decide to pump ping pong balls (V,,; ~3x10-°m3) into your yacht

(M,4cn=1900kg) in order to raise it from the sea floor.

How many ping pong balls do you need to pump into the yacht?

Consider the yacht buoyancy to be negligible and the ball mass to be small.

(A)500 (B) 5,000
[(C) 50,000| (D) 500,000

1. To make the ship float: Fy,,,yaney = Fgravity

2. Since the ping-pong balls make-up most
of the displaced volume and the ship
makes-up most of the mass:

pwatervballsg = I\/Iyachtg

3' Vballs = (Myacht)/pwater Mythbusters, E21
4.V, . = (1500kg)/(1000kg/m3) = 1.5m3

5. One ping-pong ball has a volume of ~ 3x10-°m3,

6. So, the number of ping-pong balls is: V, /Vpa = 1.5m3/(3x10-°m3) ~ 50,000 balls

7. ...it turns out a fiberglass hull would provide almost half that much buoyancy, so you
would only need ~25K ping-pong balls.




A beaker is filled with water up to the level of the spigot.
A block of wood weighing 2N is placed in the beaker and floats in the fluid.

The weight of the water which spills out the spigot is:

A.less than 2N
[B2N_ ] -

C.greater than 2N

1. The wood block is floating in equilibrium, so
2. I:buoyancy = |:gravity
3. [pfluidVdispIaced]g=mblockg

4. MaigG=Mpjockd
5. Weight of fluid displaced= weight of block




Fluids in Motion: Flow Streamline

 Typically consider “ideal fluid”:
*Incompressible: has a constant density N,
* Non-viscous: no friction between layers of fluid

* Flow: How components of a fluid move relative to each other
* Describe the direction of travel with “streamline”s
* Classify types of flow based on streamlines:
» Steady: velocity constant at a point.
*i.e. the fluid properties aren’t changing
* Unsteady: velocity changes magnitude
* ﬂUId may be Speedlng up or SlOWIng down B L o e g L Ber D e e e S T o o e i i £
 Turbulent: erratic changes in velocity
«technically a type of unsteady flow

* Fluids exhibiting turbulence are “turbulent”
* Fluids not exhibiting turbulence are “laminar”




Turbulence

“When | meet God, | am
going to ask him two
questions: Why relativity?
And why turbulence? |
really believe he will have
an answer for the first.”

Werner Heisenberg

- _____________________|
L
C. Malone et al. ApJ 2011



Fluids in Motion: Continuity Can change the water
velocity by cb\angmg the
« Continuity: tube diameter
*Mass leaves a system at the same rate that it enters
(if in a steady state, for an incompressible fluid)
* For example, the same amount of stuff flows in a hose
as flows out. The hose doesn’t gain mass over time.
* m/At = constant
 Considering fluid flowing through a pipe:
m = pV = p*A*Ax
*m/At =p*A*Ax/At F p*A*v = constant |
* S0, my pipe decreases in diameter, the fluid will speed

up at that location i A,
Y \ S
. . . & \ ‘—""Vj\\ AT 5
 For a fluid flowing through a pipe | 2 > | ] "
of changing area: / J F i_gAvazAtz
‘[ AV, = p A, | e

. ) - 1
+ i.e. the mass-flow rate is constant ~ “™"

« if p=constant (“incompressible)
- volume flow is constant:[Q= A,*v, = A,*v, |




An incompressible fluid is flowing through a pipe.
At which point is the fluid traveling the fastest?

(A)1  (B)2

(D)4 (E)5  (6)All the same .

1 2 [3] 4 5

1. p*A*v = constant
2. Incompressible: p = constant
3. Cross sectional area A is smallest at 3, so v must be largest there.



An incompressible fluid is flowing through a pipe.
At which point is the fluid traveling the slowest?

(A) 1 B)2 (C)3
(D)4 |(E)5 | (6)Allthe same .

1 2 3 4 [5]

1. p*A*v = constant
2. Incompressible: p = constant
3. Cross sectional area A is largest at 5, so v must be smallest there.



Fluids in Motion: Conservation of Energy & Bernoulli's equation

* Energy in a system is conserved, except for energy removed by nonconserving forces.
* A moving fluid has:

—kinetic energy, from motion

— potential energy, from height
« Changes in pressure for a moving fluid correspond to work by a non-conserving force

* Therefore,
1. E = E+ Wy
2. PE; +KE; = PE; + KE; + AE
3. mgh; + mv} = mghy + mvf + Fd
4. Since p is constant for incompressible fluid, divide everything by volume
5. (m/V)gh; + %(m/V)vi2 = (m/V)ghs + %(m/V)vf + F(d/V)
6. pgh; +3pvi = pghs + 3pv; + AP
7

P; + pgh; +3pv} = Pr + pghs + 2pvf | Bernoull’s Equation




. .. T
Bernoulli’s Equation: Implications L [ “Venturi Effect”

1,..,2 _ 1,..2 h + Ah Can be used to measure
e P; + pghl + PV = Pf + pghf + SPVr | pressures by measuring
flow rate.

* What happens if the velocity increases?
(by decreasing the pipe area [p*A*v = constant])

— KE term (Y2pv?) will increase

— height & density are unchanged,
so PE term (pgh) will stay the same

— But energy is conserved, so pressure must change
— Pressure decreases to: Py = P; — 2p(vf — v})

mgcaeronautics [

— Higher fluid speed leads to a lower pressure! e
This means we can test the th a

- Ifa flu?d s made to flow. at different speeds on wing generates by measuring P above
opposite sides of a barrier: & below a wing in a wind tunnel.
— there will be different pressures on the opposite sides.

— therefore, the force from pressure will be different
— The difference in forces is: F, ., = F,-F, = P,A-P,A =|(AP)A = F




An incompressible fluid flows through a pipe.
Which point is the pressure greater at?

(B)2  (C)Same at both ~

(D) Not enough information
\
7

1. p*A*v = constant Ol %
2. Incompressible: p = constant
3. Cross sectional area A is largest at 1, so v must be smallest there.
4.P + pgh + Lpv* = constant

5. Since pgh=constant, if v gets smaller, P must get larger.

6. Therefore, the pressure P is largest at point 1.




An incompressible fluid flows through a pipe. At two different points, small
tubes are attached above the pipe to allow for the observation of the pressure
in the pipe. How does the height of the fluid in the second pipe compare to the
height of the fluid in the first pipe?

A.h,<h,
B. h,=h,

[Ch,>h, |

1. p*A*v = constant

2. Incompressible: p = constant

3. Cross sectional area A is larger at 2, so v must be smaller there.

4.P + pgh + %pvz = constant

5. Since pgh=constant, if v is smaller, P is larger.

6. Therefore, the pressure P is larger on the centerline at point 2.

7. The larger pressure can support a larger (heavier) column of fluid, so h,>h,.



Consider a blood vessel which has a weakened wall, allowing the vessel 8
to expand. What happens to the pressure in the vessel?

A. Pressure increases —

Normal artery Normal blood flow cross-section
B. Pressure decreases l - ) @
C. Pressure stays the same

1. From continuity: p*A*v = constant

2. Incompressible: p = constant

3. Cross sectional area A increases, so v decrease.

4. Bernoulli equation: P + pgh + tpv* = constant

5. Since pgh=constant, if the velocity decreases,
the pressure must increase.

Aneurysm

MedicalNewsToday

As you can imagine, the increased pressure can cause
the weakened blood vessel to expand even more.

This is known as an aneurysm.

(If it is in the brain & bursts, that causes a stroke.)



An air mattress pump blows air above a beach ball at 8m/s. 8
The air below the beach ball is moving at ~Om/s.

Assuming the beach ball diameter is 0.1m, meaning the areas for the top & bottom

are each ~0.03m?, and the density of air is 1kg/m?3,

what is the lift force on the beach ball?

(A)0.1N (C) 10N (D) 100N |

s I|

* hit{g-sv://wwgutubei
1. Fig = (AP)*A

2. Pabove + pghabove + %pvczlbove — Pbelow + pghbelow + %pvlgelow

3. Ppeiow — Pavove = AP = pg(hapove — Pbetow) + %p(vczlbove - vl%elow)

4. (APY*A = {(1kg/m?)(9.8m/s2)(0.1m) + (0.5)(1kg/m3)(8m/s)2}(0.03m?)

5. F;, = (0.98Pa + 32Pa)(0.03m2) = 0.99N ~ 1N.

6. A beach ball has a mass of ~0.1kg, so weighs ~1N, thus you can float it.



The Magnus Effect: A consequence of forces from Bernoulli’s principle

Deflection force

Faster air,
lower pressure

—

w % }\ Spinning ball
— DN 5
v /\_/ Slower air, ' D’y@ 4»_{___'/_'_/:__

I L higher pressure
(a) Without spin (b) With spin (c)




You have a giant cask of water with a spigot some height below the water 8
surface. The surface of the water, which is essentially at rest, is exposed to

atmosphere (~10°Pa). The water density is ~1000kg/m?.

The water pours out of the spigot at 3m/s.

How far below the water surface is the spigot positioned?

e e

(A)0.046m  |(B)0.46m | (C)4.6m (D) 46m Tl \T

1. Patmosphere + pghsurface + %pvszurface — Patmosphere + pghspigot + %pvszpigot
2. Atmospheric pressure is going to be negligible compared to the water pressure
near the spigot and the water is nearly at rest at the surface.

Also, we can definze the spigot height hy;, . = 0. So,
=1 .
3. pGhsurface B 2PVspigot You'll note this is the height you got on homework &
4 R _ spigot _ 4 46m exam questions when you convert an object with only
© surface 29 ' kinetic energy to a situation with only potential energy.




* Frictional forces between layers in a fluid. N

» Causes zero speed at the boundaries...

« and means speed is greatest at the flow center. @

* The Sl unitis: (Pa)s viscous = Omisatuel

* The more resistant to flow, the greater the CCC—»
viscosity.

IS a mammum
at the center

Non-viscous




Hagen-Poiseuille Equation:
Volumetric flow rate due to a pressure gradient for a viscous non-turbulent fluid.

* You can only flow a limited amount of fluid through a pipe in a given amount of time.
» For a non-turbulent viscous liquid, this limiting flow rate is described by the
Hagen-Poiseuille Equation
. Q _ 7TR4(Pupstream_Pdownstream)
8nL
» where Q is the volumetric-flow rate, R is the pipe radius, L is the pipe length,
n is the fluid viscosity, and P -P, is the pressure difference before & after the pipe
(i.e. at positions x=0 and x=L).
« Since the units for viscosity are commonly (Pa)s, it is usually easiest to specify
pressure in Pa, so the pressure unit cancels.
« Hagen-Poiseulle is somewhat intuitive:
» More flow for a larger radius pipe
» More flow for a larger pressure difference ((AP*A = F))
* Less flow for a more viscous fluid.
* Less flow for a longer pipe (More friction between the fluid & the walls).
» This can be inverted to get the pressure drop along a pipe for a given volume-flow rate.

AP = 8nL
QmR*




Atherosclerosis is a process in which fats (& other junk) build-up on your
blood vessel walls, decreasing the effective radius for blood to flow through.
If your effective blood vessel radius decreases to 0.8x its original radius
(i.,e. R --> 0.8*R),

by how much does your blood flow decrease?

(A) 2% (B)20% | (C)60% | (D)80%

1 Q . 7TR4(Pupstream_Pdownstream)

8L A 20% reduction in blood vessel
2.1f R --> 0.8*R, then R* --> (0.8*R)*. radius leads to a 60% reduction
3.So0, Q --> (0.8)4*Q = 0.41Q. in blood flow rate.

4. This corresponds to a reduction by ~60%. A 50% reduction in vessel radius
leads to a 94% decrease in
blood flow rate!



Hagen-Poiseuille Equation: Practical example

» Consider several tanks of fluid with some volume V.
» The tanks are each drained by a different pipe with different radii R and lengths L,
and the pressure at the upstream side of each pipe is the same.

« The volume is proportional to the pipe length, so V is proportional to L3.
TR*AP AV
snL At
« If the upstream pressure (in the tank) is much higher than the pressure at the exit of
the pipe, then AP =P
4

. . . . L
* Then, ignoring the scaling factors and doing some algebra: At « 7

* If each of the different tanks have a fixed L/R ratio, then they would take the same
time to drain. Duration of urination does not change with body size

» Then flow rate for fluid to drain a given tank will be: Q =

upstream-*

Patricia J. Yang®, Jonathan Pham?®, Jerome Choo?, and David L. Hu*™!
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NEWS wins Ig Nobel prize
By Jonathan Webb 18 September 2015
Science reporter, BBC News
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