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LAB 13:
FLUIDS

Fluids are an important part of our body

OBJECTIVES |

* To learn how some fundamental physical principfgsato fluids.
* To understand the difference between force andpres
» To confirm that the static pressure in a fluid isgortional to depth.
* To verify the equation of continuity for fluid flow
» To verify energy conservation in fluid flow.
OVERVIEW |

Fluid Properties

When most people think of the word fluid, they inmega liquid like water. In physics,
the term fluid refers to any substance that adjiistshape in response to its container.
Fluid can be either liquids or gases. It is hardmagine a topic in physics with which
we have more personal experience to draw uponttiephysics of fluids. Whether it be
breathing, drinking, swimming, walking etc, we sgeour days immersed in and
interacting with various types of fluids. Ironibalgiven such a depth of experience, we
know less about how to describe many aspects wisflihan we do about several other
areas of physics. In some ways, the ability ofd8uto change shape, to flow, and to
separate makes it difficult to study.

In order to study an object, we need to define squamtitative properties of that object.
Because a fluid is free to change its shape okbpeato smaller pieces, the density of a
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206 Lab 13 — Fluids

fluid is an important property. The density ofl@d is defined as its mass divided by its
volume and is represented by the symbol
. M
Densit =— 1
y v 1)

whereM is the mass of a fluid with volumé The SI units of density are kgimin this
lab, we will be working with two fluids, water arair whose densities are 1000 k§/m
and 1.20 kg/mrespectively. The air density is for our altituated room temperature.

Force and Pressure

When dealing with fluids, it is generally more cenient to talk about pressure rather
than forces. Pressure is a measure of the amddotoe F acting on an object per area
A

_F
A

(Pressure has the S| units Nfm Pascal = 1 Pa = 1 Nm We will often use kilopascal
(kPa) in this lab.) We prefer to talk about pressather than force when dealing with
fluids because when a fluid interacts with an objedlows around the object and applies
a force on the object which is everywhere normah&objects surface. One example of
this is the pressure exerted on us by the air arogncalled atmospheric pressurég.
This pressure, a result of the weight of the aovabus is equal to about 14.7 pounds per
square inch or 101.326 kPa (kilo Pascals). Foeragm of average height, with a front
surface area of 1,550%nthis corresponds to a total force of about 22J@@nds! Of
course the net force we feel is zero since thpwshes on us equally from all directions.

Pressure P

(2)

In many real life situations, we are interestethmdifference between a given presdare
and atmospheric pressure. This quantity is caledyauge pressuRy and is defined as

Gauge Pressure P =P-Pu (3)

The pressure sensors you will be using in thisneasure gauge pressure rather than
absolute pressure. They are calibrated to measwoewhen the pressure is 101.326 kPa,
which is normal atmospheric pressure.

Pressure and Depth

If you have ever tried to swim under water or flownan airplane, you will have
experienced the fact that the pressure in a fluideu the influence of gravity changes
with depth. This change in pressure is due tonbight of the fluid above the point in
guestion. As you swim under the water, there isenwaater above you the deeper you
go. Imagine a cylindrical swimming pool of ar&a The force on the top layer of water
is down and is due to atmospheric pressure. Ith@sgalue

Fop = PurA 4)

top
whereA is the area of the pool.

At the bottom of the pool, the downward forceFis, plus the weight of the water above
it. If the water has densipy, and the depth of the poolhsthe weightV of this water is
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W =Mg =p,Vg = p,(Ah)g (5)

whereg is the acceleration due to gravity. The foFggiom at the bottom of the pool is
due toFp and the weight of the water above. We have

I:bottom = Ftop+W = PatnA-I_ p V\(Ah)g

(6)

The pressur@yoom at the bottom is simpliyoionfA and has the value
— Fbottom — Patn‘A+pw(Ah)g — P

ottom ~ A - A ~ Vatm

We could just as well have done this calculatianafgeneral depth, so this result holds
in general for the pressukein a fluid at deptlin:

P=PR,,+p,0h (8)

This is an important result that we will verify limvestigation 1.

R

+p0,0h (7)

Pascal’s Principle

We can see from Equation (8) that, if tl
atmospheric pressure were to change, 1
change would be felt at all depths in the flu

This property is referred to as Pasca Pressurd’;
principle, which states that any extern A, )
pressure applied to a fluid is transmitts Pressuré>;

undiminished throughout the liquid and on
the walls of the containing vessel. We w
explore a common application of Pasca
principle namely the hydraulic lift ir
Investigation 2.

Figure 1: Hydraulic Lift

Suppose you have two connected pipes with diffeceoss-sectional areal and A,
which have pistons in them as in Figure 1. Ifglistem is in equilibrium, the pressure in
the fluid connecting the two pistons is the saméhab

B=P, or it = FZ:Fli 9)
A A A

Because the pressure of the liquid under both meste the same, the forces acting on
each piston differ depending upon the area oveclwttie pressure is acting. If the ratio
of the two areas is large, large forces can bergéset on one side by applying a small
force to the other. We observe from Eqg. (9) tifafy, is much larger thah,, thenF; is
much larger thak.

Fluid in Motion

In Investigation 3, we will study fluid dynamicsiVe will explore Bernoulli’'s equation
through the use of a Venturi tube. A Venturi tuh@ pipe with a narrow constriction in
it. The pressure of the fluid in the tube can Basured by attaching sensors at different
places along the tube as shown in Figure 2.
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3 2 1 —

Direction
of air

Figure 2: Venturi Tube: The pressure in the tubeoatts 1, 2 or 3 can be measured by
connecting the pressure sensor to the tube openings

The equation of continuity for fluids states thait fiuid flow in two regions 1 and 2, we
must have the relation

101A~1V1 = 102A2V2 (10)

As air flows through the tube, it encounters thastoction at point 2. We will assume
that the air is not compressed as it goes throbghconstriction so that = p,. This
assumption is valid as long as the absolute pressifference between points 1 and 2 is
less than 1%. It will be useful to define the fleate FR of a fluid as the cross-sectional
area of flow times the speed. The flow rate githes volume of air passing a certain
point per unit time and is a constant for incompitas fluids, which we are assuming air
to be (not a good assumption).

The general form of Bernoulli’'s equation stateg tha
1 1
R+3 A%+ pgh, =Py += pvs+ pgh,. (11)

where we have assumed an unchanging depsitywe consider a horizontal fluid flow,
we haveh; = hy, and Eq. (11) simplifies to

1 1
'31+§,0V12:P2+—2[N§ (12)

We use Equations (10) and (12) to solve for thesuree difference between points 1 and
2 in terms of the flow rate of the air in the tube:

AP =P, - P, =C(FR)? (13)
where
FR= flow rate =Av, = Ay, (14)
and the constard is
A4

We will verify these results in Activity 3-2.
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INVESTIGATION 1: STATIC EQUILIBRIUM IN FLUIDS

In this investigation we will verify that the prese at any point in a fluid depends on the
external pressure acting on the fluid and the weagiifluid above the point in question as
given by Equation (8). The sensors used in thisstigation actually measure the gauge
pressurePy. The pressure measured by the ser&efso Will then be, according to
Egs. (3) and (8),

Pensor= Pg= P~ P o= ogh f16
You will need the following:
500 ml cylinder * tubing with stopper
stand with clamps for sensor * graduated glass tube
and tube

low pressure sensor

ACTIVITY 1-1:PRESSUREDEPENDENCE ON DEPTH

Be careful that no water enters the pressure sensoiThis could ruin it.

1. Set up the apparatus as shown -

. Pour about 450-500 mL of water int

Figure 3. The pressure sensor
connected to the small diameter gla
tube by a small tube with a blac
rubber stopper on the end. Make st
the stopper is inserted into the flare
end of the small glass tube so that
cannot escape through that er
Notice the markings on the glas
tube. These markings represent ﬂ*-"
volume measurement in units ¢ -
milliliters but you will use them to B
measure depth.

=
=

the 500 mL cylinder. The exac ~
amount is not important. k——j, .

. Open the experimental file

L11.A1-1 Pressure vs. Depth This Figure3: Apparatus fc Pressure vs. Der

file will record pressure measurements when the Kagton is clicked. Each
time you click on keep, you will be asked to inputolume. This volume should
be the difference between the volume measuredeatatige graduated cylinder
water surface and at the water level in the snmlaggtube. For instance, if the
tube is partially submerged such that the watefasaris at the 19 ml mark and
the water has entered the tube up to the 10.9 mk,ngau would enter a value of
8.1 intoData Studio. Important: The markings on the tube begin at 10 ml. Keep
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this in mind while you are making measurementste®ntering the volume, the
program will use the value you entered to calcutatepth and a point will be
added to the table.

Prediction 1-1: If you were to lower the small glass tube inte tiater in the larger

cylinder, how would you expect the pressure of direin the small glass tube to
change? Write down a formula expressing the presmeasured by the sensor
(connected to the glass tube) in terms of the depthe liquid in the tube, i.e. the
distance from the water surface to the water levéie tube.

Question 1-1: Why don’t we have to worry about how high theuattsensor is
compared to the water level?

4. Bring up Table 1 inData Sudio if not already visible. This will show the
pressure, depth and volume measurements as yautleste You begin with the
small tube positioned above the water level oflénger cylinder. Click the Start
icon and note the pressure reading in the talleshduld measure zero pressure
within plus or minus about 0.2 kPa. If this is nbe case, either there is
something wrong with your setup or there is a tdonaearby and you should take
cover. Ask your TA to check your setup before ngktover.

5. Lower the glass tube about 2 cm into the watelaciRY white paper behind the
water cylinder may help you read the numbers masilye Record your
measurements of the water levels in Table 1-1 bedod enter the calculated
Difference value intdData Studio when prompted. Then click Keep. Make a
total of four measurements equally spaced througtimidepth of the graduated
cylinder in the same manner.

6. Once you have made all four measurements, clichemed Stop icon next to the
Keep icon. Bring up Graph 1, which is a plot ok$gure vs Depth using the
values you just entered.
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Table 1-1. Volume (depth) Measurements

Volume at Water Surface (mL) Volume in Tube (mL) ffBience (mL)

7. We found in Eq. (16) tha®snsr =pgh, whereh is the depth of the level in the
tube below the water surface. This equation hagdhmy = mx where the slope
m=pyg. Given thatg, = 1000 kg/m and g = 9.8 m/$, calculate the predicted
value of the slope of a graph Bfvsh in units of kPa/mm. Show your work.
(Hint: You can more easily calculate kPa/m, thaa/kimn.)

Predicted slope: kPa/mm

8. Use the fit routine and try a linear fit to yourtala Record the slope of the line
given in the Linear Fit window.

Measured slope: kPa/mm

Question 1-2: How well does the predicted slope compare tontkasured one? If the
disagreement is more than about 5%, try to exlday.

Note that the linear fit may not go quite throudte torigin. This might be partially
explained by the fact that the calibration of yqressure sensor may not be quite
accurate for your location.

ACTIVITY 1-2:PRESSUREDEPENDENCE ONHEIGHT

You will now repeat the measurements of the preyvactivity except that this time, you
will start with the tube fully submersed in the et
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1. Remove the rubber stopper from the small glass amoelower the glass tube so
that the bottom of the tube is about 1 cm abovebtittom of the larger cylinder.
At this point, the water in the tube should behat $ame level as the water in the
cylinder. Place the rubber stopper back into thegtube.

2. Lift the bottom of the glass tube about 2 cm abitseurrent position.
Question 1-3:Why does the water level in the tube rise as ifothe tube?

Prediction 1-2: If you were to continue to raise the glass tubeadd the cylinder, how
would you expect the pressure of the air in theettdochange? Write down a formula
expressing your prediction of the pressure meadoyetie sensor connected to the glass
tube in terms of the height of the liquid in théeuy i.e. the distance from the water
surface to the water level in the tube.

3. Open the experimental filel1l.A1-2 Pressure vs Height This file has the same
format as the previous one.

4. Click the Start icon and perform the same seriesneAsurements as in the
previous activity but this time start with the watevel in its current position
about 2 cm above where you first placed it mostlynersed in the larger
cylinder. In this measurement, you will raise thkass tube and take four
measurements over the length of the cylinder. Tiae 1-2 below to calculate
the volume values you enter when prompted. Naéettiis time the level of the
Volume in the Tube is highest, instead of the leféhe Water Surface.

Table 1-2. Volume (height) Measurements

Volume in Tube (mL) | Volume at Water Surface (mL) ffBience (mL)
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5. As before, write down your predicted and measuleges below:

Predicted slope: kPa/mm

Measured slope: kPa/mm

6. Print out your graph with the fit showing.

Question 1-4: Is there any difference between the measurecetslopActivities 1-1 and
1-2? How about thg-offsets? Try to explain any differences or simitias.

INVESTIGATION 2: PASCAL'S PRINCIPLE

In this investigation you will explore the relatgimp between force and pressure and
how pressure is transmitted through a fluid.

The materials you will need are:

e 2 force probes 50 g mass

» digital mass scale e digital calipers

* 50 cc glass syringe e paper towels

* rubber bumper for force probes e 2-10 cc glass syringes

* low pressure sensor with * tubing and connectors to connect
tubing and rubber stoppers syringes

» distilled water with eyedropper at front of room

In order to perform the following activities, youllneed to know the properties of the
pistons in the syringes you will be using:

mass of 10 cc piston: 16 g

mass of 50 cc piston: 60.6 g
diameter of 10 cc piston: 14.7 mm
diameter of 50 cc piston: 28.0 mm
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In this investigation, you will be using glass sges. We
need for the pistons to move freely inside the nges.
You need to do the following procedure with eachhef
two syringes. Hold the syringe in your hand veticand
lift up the piston almost to the top and release Tthe
piston should fall freely without sticking to thettbom of
the syringe. If it does not, the piston must beankd,

because someone before you was not careful. Putheu £

piston and clean it off with a paper towel. Insetback
into the syringe and test it. You may need tohds two

or three times before the piston falls freely.it Hoes not,

contact your TA. It is important not to touch thleding
surface of the pistons during your lab. As youqren the
following activities, you should check the syringesm
time to time to make sure that they are operat
smoothly. If they do not, clean the piston agaithva
paper towel. Before taking final measurements,eipé
sometimes to tap on the side of the syringe to liedp

Lab 13 — Fluids

|
Figure 4: Measuring Pressure

piston move to its final position. If you can’ttgbe syringe to work properly, ask your

TA for help.

Start off by connecting the two force probes tauiispA and B and the pressure sensor to

input C of the PASCO interface.

ACTIVITY 2-1:FORCE AND PRESSURE

1. We will now lead you through setting up the appasahown in Figure 4. Place

the 10 cc syringe on the left side and the 50 coigg on the right side. We have
found that if we clamp the syringes, then the pistdo not slide easily in the
syringe. It is best to rest the upper lip of tlyeirge on the clamp instead of
clamping the syringeDo not clamp the syringe as shown in Fig. 4Rather the
clamp should be placed under the upper lip of fhange just snugly enough to
not let the syringe fall through the clamp. Fa¥ temainder of this investigation,
we will refer to the left side of the apparatusfaand the right side as B. For
example, syringe B is the syringe connected topilessure sensor in Figure 4.
Leave the large rubber stopper off the 50 cc syringfor now.

. Connect the bottom of the syringes with the cldastc ¥4" tubing with the white
connectors on the end. Twist the connectors dr@doottom of the syringes.

3. The pressure sensor should be connected to inptith@ interface.

4. Open the experimental filel1.A2-1 Force and Pressure The graph Pressure

vs. Time is displayed.

The offset pressure is the difference between tineest atmospheric pressure and
the average value of atmospheric pressure for wthietrsensor is calibrated. This
also corresponds to the value of yheffset from Investigation 1.
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5. We will first measure the offset pressure. The 50 syringe is open to
atmospheric pressure, so the pressure is atmosphdhe 10 cc syringe as well.
Start taking data. After about 10 s, click the Stomicddighlight a good portion
of the data and determine the average pressurebredide sensor. This is the
offset pressure, because according to Eq. (16hatild be zero. Write it down.

Offset pressurd?y = kPa

6. Now raise piston A so it reads about 7 cc and pthedarge rubber stopper into
the top of syringe B. The piston is not in syrirf§et this time. See Figure 4.
Notice that the piston in the 10 cc syringe remauspended near the 7 cc level,
even though the force of gravity is pulling it dowmhe force of gravity is offset
by the force due to the air trapped in the syring@sis force is equal to the
pressure of the air in the piston times the cressi@nal area of the piston.

Prediction 2-1: Suppose you were to place a 50 g mass on pistoM\ calculated in
your pre-lab the predicted pressure measured bsosdh Don't forget the mass of the
piston. Write here the pressure you calculated:

Predicted pressure with only piston: kPa

Predicted pressure with piston and 50 g mass: kPa

7. Click on the Start icon, and place a 50 g
mass on top of piston A as shown in
Figure 5. Once you are convinced that
the piston has reached equilibrium
without friction, record the pressure .509
below.

Measured Pressure: kPa

Figure 5: Adding a mass to
syringe A.
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Question 2-1: Did your prediction match the measured valuepl&r any differences
greater than about 5%.

We can see from the above results that the for¢keopiston on the air in the syringe is
transmitted throughout the volume of air trappedhia syringes and tubes connected to
the pressure sensor as predicted by Pascal’s plienci

Prediction 2-2: If we repeated the above measurement by switchiegtessure sensor
to syringe A and placing the mass on top of pidBerdo you think the measured and
predicted measurements would still be equal? Abebat would you predict the

pressure to be®o not do this second measurement, only predict!

Pressure: kPa

ACTIVITY 2-2: HYDRAULIC SYRINGE

A classic implementation of Pascal’s principle Force Probe
is the hydraulic lift. In this activity you will (Input B)
perform measurements on a scaled down
version of the same type of apparatus used in
automotive repair shops to lift cars.

1. Disconnect the tubing from syringe B =
and replace it with the second 10 cc L
syringe. Set up the apparatus shown ini
Fig. 6. Syringe B now has a piston with =
a force probe above it. You will need =
the second force probe as well. The -} |
probes should be already be inserted| \

into inputs A and B on the PASCO 10cc syringe ol
interface. Make sure that the probe
above the right syringe is plugged into

input B. Adjust force probe B so that as I
you lift piston B, it touches the force

probe when the syringe reads about
2 cc. Before reconnecting the tubingFig. 6: Hydraulic Syringe Apparatus
between the syringes, make sure the
two pistons are sliding freely. When
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this is done, lift piston A until it reads aboutd and reconnect the tubing to both
syringes.

. The pistons in each syringe are now connecteddb ether by the air trapped in

the syringes and tubing. If you move one pistba,dther should respond. Check
to make sure they respond freely; air leaks willssaerrors.

Prediction 2-3: If you now place a 50 g mass on piston A as yidurdthe last activity,
what do you expect will be the force measurememmfforce probe B? Explain your
answer.

Predicted force: N

3. Verify your prediction using the same experimeriti. Bring up the graph

Force B vs Time. You may need to wet the pistonmgat is not sliding freely.
Tare force probe B to zero out the gravitationatéoon the rubber bumper.
Make sure that the piston is not in contact witk thrce probe while taring.
Click the Start icon. Place the 50 g mass on piston A and retioedforce
measurement below, making sure that the pistonsareinding in the syringes.

Measured force: N

If your measured force is not within 10% of youeghicted value, compare with
your calculation in Prediction 2-2 and check yopparatus before moving on to
the next part.

Disconnect the tubing from the bottom of the 1&genge B and remove syringe
B. Replace it with the 50 cc syringe. Make sume piston slides freely in the
new syringe and adjust force probe B so that teopihits the probe at the 1 cc
mark. Lift up piston A to the 5 cc mark and rececinthe tubing to the bottom of
syringe B.

Question 2-2: You may notice that even though the piston in the&syringe is almost
four times as heavy as the 10 cc piston, the twimps seem to be well balanced. Why is

this?
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Prediction 2-4: Suppose you were to push down on piston A witbed@robe A. On
the graph below, force probe A is on the verticais aand force probe B is on the
horizontal axis. Sketch your prediction for theuking curve as you push harder with
force probe A. What is your prediction for thepaoof this curve?

PREDICTION

2
< |
e
O
U 1
[&]
S
o
L

0 J J

0 2 4

Force, Ch B (N)

Predicted Slope:

5. We will verify your prediction by pushing the secbmorce probe down on
piston A. Open experimental filel1.A2-2 Hydraulic Syringe. This file is set
up to automatically stop taking data when the formasured by probe A reaches
its maximum (so it will not be harmed). Make stire pistons move freely. Tare
both force probes (make sure both probes are aéxtibile taring) and click the
Start icon. As slowly as you can, increase thedgrou apply to piston A until
the program stops taking data or piston A is fullgpressed. If syringe A
becomes fully depressed before the program stépwgtdata, click the Stop icon,
disconnect the tubing, lift up piston A to the 5mark and reconnect the tubing
(make sure piston B is fully depressed while yojustdpiston A). Take the data
again. Once the data has been taken, do a liitdaryour data, and record the
slope in the space below. Print out the graphiacidde it in your group report.

Measured Slope:

Question 2-3: Do your values agree? Explain any differencesigr than 10% in your
predicted and measured values.
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INVESTIGATION 3: BERNOULLI'S EQUATION

In this investigation, you will be using Bernoutliequation to predict the behavior of air
as it passes through a Venturi tube. A Venturetigoa device, which can be used to
measure the speed of fluid flow as discussed imntineduction.

In the following activities you will be using a dee called an air flow meter. It will
allow you to send a known volume of air per umnitdi through the Venturi tube. The
meter measures the flow rate in units of SCFH whiiamds for Standard Cubic Feet per
Hour. The black knob on the front of the metertoms the amount of air flow, the faster
the flow, the higher the float in the meter is peslup by the air. The value is read off by
looking at the top of the float. For example, duywant a flow rate of 50 SCFH, adjust
the flow until the top of the float is even withetb0 SCFH line. Gently tapping the side
of the meter can help to keep the float moving Ifreend provide more accurate
measurements.

You will need the following materials:

* Venturi tube apparatus » 2 - stoppers for Venturi tube
e air flow meter e 2 —low pressure sensors
e tubing e stand

ACTIVITY 3-1:PRESSURE ANDSPEED

1. Set up the apparatus as in Fig. 7. Make sureroexd the pressure sensors to the
appropriate inputs on the interface as labeletierfigure (i.e., A and B inputs.)

2. Open the experimental filel1.A3-1. Pressure and Speed Make sure the air
flow meter is completely closed (turn knob clocksvi® close) and adjust the
pressure gauge at the wall to read approximatelysi3Disconnect the tube from
sensor A from input 1 on the Venturi tube and pstogper in its place.

Figure 7. Apparatus for A B

measuring pressure and
speed. |

DOSYd ]
DOSYd ]

Venturi Tube

s g
3 1 "\
Air L
Flow |=
Meter | =
To Pressure=
g Gauge at L ®

E—— 2
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Prediction 3-1: Suppose you were to allow air to flow through theniri tube.
Imagine placing the end of the tube connectedegtiessure sensor near the open end of
the Venturi tube in the two configurations showrnole What difference might you
expect in the two cases? Explain your answer.

\H 4f__ Direction {_
Held ™_ of air flow Held -
Horizontally Open end Vertically
of Venturi
tube

3. Adjust the air flow so that the meter reads 60 SGiid click the Start icon.
Perform the same series of measurement as in éveops prediction. When you
are done, click the Stop icon and turn off theflaw at the air flow meter. Print
out the graph and indicate on it when the diffe@mntations of the sensor tube
occurred.

Question 3-1: Did your prediction match your measurements? Ex@ay differences.
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