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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 is
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 okhupanto smaller pieces, the density of a
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218 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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Lab 13 — Fluids 219

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@yotom at the bottom is simplfpoonr/A and has the value
— Fb ttom — PmA"'pw(Ah)g _
I:?:)ottom =—en == - I:2’a1tm
A A

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

P=PFumtp.9h (8)

+p,0h (7)

This is an important result that we will verify limvestigation 1.
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 Pressuré’;
principle, which states that any extern A, )
pressure applied to a fluid is transmitts Pressuré>;

undiminished throughout the liquid and in
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 diffecenss-sectional areas 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

p=p, or 2=F o paph ©)
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 ovechwtiie pressure is acting. If the ratio
of the two areas is large, large forces can bergée on one side by applying a small
force to the other. We observe from Eqg. (9) tifa#y, is much larger thaAy, thenF; is
much larger thafr;.

Fluid in Motion

In Investigation 3, we briefly look at fluid dynacsi Bernoulli’'s equation can be
explored through the use of a Venturi tube. A Mentube is a pipe with a narrow
constriction in it. The pressure of the fluid imettube can be measured by attaching
sensors at different places along the tube as sihowigure 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 = 0, which
gives Av, = Ay, orv,=V,(A,/A,) in Eg. (10). This assumption is valid as longtses
absolute pressure difference between points 1 asde®s than 1%. It will be useful to
define the flow raté&R of a fluid as the cross-sectional area of flowesnthe speed. The
flow rate gives the volume of air passing a cerpmt per unit time and is a constant for
incompressible fluids, which we are assuming alvség@not a good assumption).

The general form of Bernoulli’'s equation stateg tha
1 1
R+ P% + pgh, =Py = pv + pah,, (11)

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

1 1
P1+§,0V12=Pz+—2,0V§ (12)

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

AP =P, - B =C(FR)? (13)
where
FR= flow rate =Av, = Ay, (14)
and the constar is
c=1pi2(iz—1j . 15}
2 A\A

University of Virginia Physics Department
PHYS 635, Summer 2009



Lab 13 — Fluids 221

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:
 ~600 ml cylinder » graduated glass tube
» stand with clamps for sensor » Silicone rubber pad
* low pressure sensor » clear plastic ruler

* tubing with stopper

ACTIVITY 1-1:PRESSUREDEPENDENCE ON DEPTH

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

You do not take any data until Step 5. Read Stepsarefully.

1. Set up the apparatus as shown °
Figure 3. You will not need ¢
horizontal clamp to hold the sma
tube, which is open on the bottor
because it is easiest to simply hc
the tube in your hand. Use the clan
to hold the pressure sensor. Wt
you are going to do is to insert tr
tube down into the cylinder of wate
As the tube goes deeper into tl
water, the pressure at the bottom =
the tube increases, which then pust
water up into the small tube. Th
increased water pressure pushes wi
up into the small tube by compressit -
the air in the tube. The difference | &'2
height (called the depth) between tl
water in the small tube and the water_
level in the larger cylinder is Figure3: Apparatus fc Pressure vs. Deg
indicative of the pressure at the water level ia $mall tube. We will measure
this height difference in this experiment. The &rgylinder should be about 80%
full with water. The exact amount is not importaabd you do not need to
measure it.
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2. Use the plastic ruler to measure how much volunmaensmall tube is contained
within the 30 cm long ruler. It is easy to do thiglaying the ruler and tube on
the table. Ask your TA for help if needed. Thidl\Wwe used as a calibration for
volume measurement later. You will enter this eadhto the computer. Open the
experimental fileL13.A1-1 Pressure vs. Depth The calculator window appears.
Enter the volume (in ml) that was equal to the 80and click accept. We will be
using the pressure sensor connected to channeth@ &fASCO interface.

3. The pressure sensor is connected to the small tkamlass tube by a plastic tube
with a black rubber stopper on the end. The pressensor will need to be well
above the large cylinder for this to work easiWith the glass tube outside the
large cylinder, insert the rubber stopper intoftheed end of the small glass tube
SO air cannot escape through that end. Noticarthkkings on the glass tube.
These markings represent a volume measurementite aimilliliters but you
will use them to measure depth. We will use theunw measurements to
determine height within the tube, because we ddccHiibration in step #2.

4. Check “Setup” inData Sudio to make sure you have the sensor connected
properly. This file will record pressure sensor sweaments when the “Keep”
button is clicked. Each time you click on “Keepgu will be asked to input a
volume. This volume should be the difference betwéhe volume marking of
the small tube measured 1) at the water level efldihge cylinder and 2) at the
actual water level in the small glass tube (asviager rises in the tube). The
numbers on the small tube will be upside down,hsolower volume numbers
will be lower in height. For example, if the tulsepartially submerged such that
the large cylinder water level surface is at theDX8l mark and the water has
entered the tube up to the 10.9 ml mark, you wairlter a value of 8.1 into
DataStudio. After entering the volume, the program will ube volume value
you entered to calculate a water depth (by knowlregarea of the glass tube) and
a data 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.Do this before coming

to lab.
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Question 1-1: Why don’t we have to worry about how high theuattpressure
sensor is compared to the water level? Does tesspre sensor need to be at the
same height as either of the water levels in thallsembe? Explain.

5. Bring up Table 1 inData Sudio if not already visible. This will show the
pressure, depth and volume measurements as yautleente. Hold the glass tube
positioned above the water level of the largerndgr. Click the Start icon and
note the pressure reading in the table. It shméddsure zero pressure within plus
or minus about 0.2 kPa. If this is not the cashee there is something wrong
with your setup or there is a tornado nearby andsfwuld take cover. Ask your
TA to check your experimental setup before takioget.

6. Hold the glass tube and lower it slowly into theteva As the glass tube goes
down, you will see water rise slightly inside thass tube. Placing white paper
behind the water cylinder may help you read the mens1more easily. Start with
the glass tube about 2 cm below the water levehenlarge cylinder. If your
rubber stopper is leaking air, the water level wilhtinue to rise in the small tube
above 11! Record your measurements of the watetden Table 1-1 below and
enter the calculated Difference (positive) valut iData Sudio when prompted.
Then click “Keep”. Make a total of four measurerngeapproximately equally
spaced throughout the depth of the graduated @imdthe same manner.

7. Once you have made all four measurements, clichemed Stop icon next to the
Keep icon. Bring up Graph 1, which is a plot ok$&ure vs Depth using the
values you just entered.

Table 1-1. Volume (depth) Measurements

Volume of Small Tube at Water Volume Level of Water Difference
Surface of Large Cylinder (mL) Inside Small Tube (mL) (mL)

8. We found in Eq. (16) thaPsnsr =pgh, Whereh is the depth of the level in the
tube below the water surface. This equation hagdlmy = mx where the slope
m=pyg. Given thatg, = 1000 kg/m and g = 9.8 m/$, calculate the predicted
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value of the slope of a graph Bfvsh in units of kPa/mm. Show your work.
(Hint: You can more easily calculate Pa/m, than/iiPa. Then convert by 10)

Predicted slope:

9. 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:

Question 1-2: How well does the predicted slope compare tontkasured one? If the
disagreement is more than about 10%, try to expldiyn

10. Print out your graph with the fit shown foruy@roup report.

ACTIVITY 1-2: PRESSUREDEPENDENCE ONHEIGHT

You will now repeat the measurements of the previactivity except that this time, you
will start with the tube fully submersed in the et

1. Remove the rubber stopper from the small glass amokelower 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 5 cm abitseurrent position.

Question 1-3: Why does the water level in the tube rise aboweater level in the
cylinder as you raise the tube? Hint: considerpgtessure as a function of depth.

Prediction 1-2: If you were to continue to raise the glass tubkeadj the cylinder, how
would you expect the pressure of the air in theettdochange? Write down a formula
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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 filel3.A1-2 Pressure vs Height This file has the same
format as the previous one. We are still usinglthwe pressure sensor connected
to channel C of the PASCO interface.

4. Click the Start icon and perform the same seriesnehsurements as in the
previous activity but this time start with the shglhss tube about 2-5 cm above
the bottom of the larger cylinder. In this measugat, you will raise the glass
tube and take four measurements over the lengtheo€ylinder. Use Table 1-2
below to calculate the volume Difference values gater when prompted. Note
that this time the level of the Volume of Watettlie Small Glass Tube is highest,
instead of the level of the Water Surface.

Table 1-2. Volume (height) Measurements

Volume of Water in Small Volume at Water SurfaceDifference (mL)
Glass Tube (mL) (mL)

5. As before, write down your predicted and measuleges below:

Predicted slope:

Measured slope:

6. Print out your graph with the fit shown.
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Question 1-4. What is the percentage difference between thesuomed slopes of
Activities 1-1 and 1-2? Try to explain any diffaces or similarities.

INVESTIGATION 2: PASCAL'S PRINCIPLE

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

The materials you will need are:

o 2 force probes e 50gmass

» digital mass scale » 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, youlMneed 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

In this investigation, you will be using glass sges. We need for the pistons to move
freely inside the syringes. You need to do theofgihg procedure with each of the two
syringes. Hold the syringe in your hand verticalhd lift up the piston almost to the top
and release it. The piston should fall freely withsticking to the bottom of the syringe.
If it does not, the piston must be cleaned, becaoseeone before you was not careful.
Pull out the piston and clean it off with a papmwel. Insert it back into the syringe and
test it. You may need to do this two or three 8nbefore the piston falls freely. |If it
does not, contact your TA. It is important notaach the sliding surface of the pistons
during your lab. As you perform the following aaties, you should check the syringes
from time to time to make sure that they are ofpegadmoothly. If they do not, clean the
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piston again with a paper towel. Before taking lfimeasurements, it helps sometimes to
tap on the side of the syringe to help the pistawerto its final position. If you can’t get
the 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 apparatus shown in Figure 4. Place
the 10 cc syringe on the left side and the
50 cc syringe on the right side. Use the
special holder provided (not shown in
Figure 4) and place the syringes into the" |~
appropriate holes. For the remainder of=
this investigation, we will refer to the left =}
side of the apparatus as A and the right-
side as B. For example, syringe B is the:
syringe connected to the pressure sensol
in Figure 4. Leave the large rubber
stopper off the 50 cc syringe for now.

2. Connect the bottom of the syringes with
the clear plastic ¥2" tubing with the white  Fjgre 4: Measuring Pressure
connectors on the end. Twist the
connectors onto the bottom of the syringes.

3. The pressure sensor should be connected to ch@nokthe interface. Connect
the small tube to the connector of the large rulsbapper.

4. Open the experimental filel13.A2-1 Force and Pressure Click on Setup to
make sure the sensors are connected properly. fidph dPressure 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.

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 =

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 syrifget this time. See Figure 4.
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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 pistor i calculated in
your pre-lab the predicted pressure measured bgosdh Don’t forget the mass of the
piston. Write here the pressure you calculated:

Predicted pressure with only piston:

Predicted pressure with piston and 50 g mass:

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 ha
reached equilibrium without friction, record 50 g
the pressure below. J[_:

Measured Pressure:

Question 2-1: Did your prediction match the F_
measured value? Explain any differences greater}
than about 5%. i

Fig. 5. A mass is added to syringe A.

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 plenci

Question 2-2: If we repeated the above measurement by switchiegtessure sensor to
syringe A and then placed the mass on top of pi&pmhat would you predict the
measured pressure to be? Explain your reasoniigo not do this second
measurement, only predict!

Pressure:
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ACTIVITY 2-2: HYDRAULIC SYRINGE

A classic implementation of Pascal’s principle he thydraulic lift. In this activity you
will perform measurements on a scaled down versfahe same type of apparatus used
in automotive repair shops to lift cars.

1. Disconnect the tubing from syringe B and replacewith the second 10 cc
syringe. Set up the apparatus shown in Fig. Gin§g B now has a piston with a
force probe above it. You will need the —

Sﬁco?ddbforcle p(rjobs as Wfll(.j _'I;he_ pr(?[be: F(Olr:su':fBo)be i
shou e already be inserted into inputs ‘ i
and B on the PASCO interface. Make sure E;
that the probe above the right syringe is !

plugged into input B. Adjust force probe B —
so that as you lift piston B, it touches the
force probe when the syringe reads about
2 CcC. Before reconnecting the tubing
between the syringes, make sure the two-
pistons are sliding freely. When this is ©
done, lift piston A until it reads about 4 cc |

) L 5
and reconnect the tubing to both syringes. ‘\Klocc SVU
2. The pistons in each syringe are now
connected to each other by the air trapped I
in the syringes and tubing. If you move,. .. : :
one piston, the other should respond'.zlg' 6: Hydraulic Syringe Apparatus

Check to make sure they respond freely; air
leaks will cause errors.

i)

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

Predicted force:

3. Verify your prediction using the same experimeriii@, L13.A2-1 Force and
Pressure Bring up the graph Force B vs Time that is mized. Tare force
probe B to zero out the gravitational force on riieber bumper. Make sure that
the piston is not in contact with the force prodalevtaring. Click theStart icon.
Place the 50 g mass on piston A and record the fm&asurement below, making
sure that the pistons are not binding in the sy#ng

Measured force:

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.
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4. Disconnect the tubing from the bottom of the 1&winge 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 te®pihits the probe at the ~4 cc
mark. Lift up piston A to the ~7 cc mark and regect the tubing to the bottom
of syringe B.

Question 2-3: 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?

Prediction 2-3: Suppose you were to push down on piston A witeeigorobe 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 theukting curve as you push harder with
force probe A. What is your prediction for theaoof this curve?

PREDICTION

2
< |
e
@]
o 1 —
[&]
S
o)
L

0 ; |

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 filel3.A2-2 Hydraulic Syringe. This file is set
up to automatically stop taking data when the fonsmsured 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 aéstibile taring) and click the
Start icon. As slowly as you can, increase thedorou 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 5roark 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 lindaryour data, and record the
slope in the space below. Print out the graphiacidde it in your group report.

Measured Slope:
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Question 2-4: Do your values agree? Explain any differencesigr than 10% in your
predicted and measured values.

INVESTIGATION 3: BERNOULLI'S EQUATION

In this investigation, you will be

using Bernoulli’'s equation to predict A B
the behavior of air as it passes
through a Venturi tube as shown in
Figure 7. A Venturi tube is a device
that can be used to measure the

speed of fluid flow as discussed in Venturi Tube
the introduction. _ AN S N

: : . 3 1 \
We previously had a relationship ﬁ
between pressure and air speed i
Equation(12):

1 > 5.1 >

Pl+§,0v1 - P2+§p\’2 12) » To pressure
The two points 1 and 2 in Equation gauge at
(12) refer to the points 1 and 2 in I wall  —

Figure 7. For example, the gas will

have pressur®, and air flowv: at  Figure 7: Apparatus for Pressure and Speed
the wide part of the Venturi tube.

You will need the following materials:

* Venturi tube apparatus * 1 - stoppers for Venturi tube
» stand and tubing * 2 —low pressure sensors

ACTIVITY 3-1:PRESSURE ANDSPEED

Prediction 3-1: Will v; orv, be larger? Why? What abdeit andP,? Explain. Do this
before coming to lab.
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1. Open the experimental filel3.3-1. Pressure and SpeedSet up the apparatus as
shown in Figure 7. Click on Setup to make sure phessure sensors are
connected to the correct inputs on the interfadalased in the figure (i.e., sensor
A goes to input 1 on the Venturi tube and channef fhe PASCO interface.)

2. Adjust the pressure gauge at the wall to read aupadiely 8 psi.

3. Start taking data. Note the difference betweentepressures after about 10 s.
Adjust the pressure gauge to read 15 psi. Thisesa@an increased gas flow
through the Venturi tube. Note what happens tontteasured pressures. Stop
taking data. Print your graph. Indicate datarsgston the graph.

4. When you are done turn off the air pressure andlé
5. Print our your graph of pressure and include inrygroup report.

Question 3-1: Describe what happens to the two pressures #otvib different air flow
rates. Is this what you expected from Predictiel?3 Which pressure (point 1 or 2) is
the highest? What happens to the differeRge P, as you increased the air flow?
Explain why Eq. (12) seems to be qualitatively true

Question 3-2: How can you be sure the differences you see in3taipove are not due
to the pressure sensors themselves? Describepéesineasurement you can do to prove
the difference is not due to the pressure senddosthe measurement and describe what
happens to show you are correct.
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