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 FLUID MECHANICS

OBIECT: To determine the density of an object by using Archimedes’ Principle
and to study the flow of fluids by the use of Bernoulli’s Principle.

APPARATUS: Digital balance, density objects of various size and composition,
overflow can, catch bucket, water tube, cork or rubber stoppers, a pitcher
for water, meter stick, stream table.

L._BACKGROUND AND THEORY

ARCHIMEDES’ PRINCIPLE:

Archimedes’ Principle states that an immersed object feels an upward buoyant force equal in
magnitude to the weight of the fluid displaced by the object. This buoyant force has its origin in
the fact that the hydrostatic pressure exerted by a fluid on the object increases with depth.

We can use Archimedes’ principle to determine the density of an object of unknown
composition, thereby making it possible to determine what it is made of. If the mass density p,
of the object is constant (that is, it is made of a single material), and its volume is V, its weight
W, will be given by p,gV. Now we weigh the object when it is fully immersed in water (p,, =
1000 kg/m>) with the result W;. The measured weight when immersed is givenby W, =W_- B
where B is the buoyant force, which is given by p,_ gV by Archimedes’ Principle. We can also
measure the volume of the object, even if it is weirdly shaped, by measuring the amount of fluid
displaced when the object is immersed. So,

Wo—B=pogV_pwgV-Wi (1)
and
W,
[ +—-—‘— 2
po pw gV ( )

enabling us to calculate the object’s density. The fractional uncertainty in the density will be
equal to the fractional uncertainty in W; plus the fractional uncertainty in V.

BERNOULLYI’S PRINCIPLE:
Different and practically important phenomena arise when a fluid flows. Bernoulli’s
equation relates the speed of a fluid, v, the pressure it exerts, P, and its height, A, through the
statement

P+p.gh+ -é—p,v2 = constant, 3)

where p is the fluid density and 4 is the height of the fluid. Bernoulli’s equation is a statement of
conservation of energy during the flow of the fluid. This equation is usually applied by setting up
the above expression for two different locations in the flowing fluid and equating the expressions.

in this lab we will examine fluid flow using a vertical tube with several holes drilled through
its side. The holes are much smaller in area that the cross sectional area of the tube. The
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[image: image2.png]equation of continuity states that the product of the velocity of the fluid and the cross sectional
area it is flowing through is constant, that is, vA = constant for all points in the flowing fluid. This
means that the speed at which the fluid at the top of the water in the tube is moving is much less
than the speed of the water flowing through the small hole and can be neglected. The pressure at
both the top of the fluid and the hole is atmospheric pressure, P,. Calling the height of the top of
the fluid H and the height of the hole, &, Bernoulli’s principle can be written as

1
P, +p,gH=P,+ psgh+ —2-pfv§, )]

where v, is the speed at which the fluid is leaving the hole (horizontally). The pressure cancels
from each side, and the density divides out, giving

v, =2g(H-h). (5)

The distance the fluid travels before hitting the ground, x, can be found by treating the fluid
motion outside of the tube as a projectile motion problem. The time the fluid takes to fall can be

1
calculated from h = —2—th or
L=q ©

during which it travels a horizontal distance

x =v,t=+28(H~-h) Zﬁ=2 (H-h)h )
4

Notice that this goes to zero when h=H (since the velocity is zero there) and also at h=0.

All right, so if we measure the horizontal distance, x and the height, h, for several
different holes, we should be able to verify Bernoulli’s principle. To simplify the analysis, we
can first calculate the fall time for the water from a particular hole from A, then calculate the
initial velocity of the water using v,=x/t. If we then plot the square of the velocity versus h, we
should get a straight line given by the equation

v2=2gH-2gh 8

If we get a straight line then we have verified Bernoulli’s principle. In fact, we can also geta
value for g using either the intercept or slope of the line.

Archimedes’ Principle

€} You will be furnished with two sets of masses with different density. Begin with the first
set of density masses and start with the rectangular mass. Weigh and record the mass as

X W,. Work over the stream table for the rest of the experiment. Do not put the digital

5 scale in the stream table or near the water.
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Place the catcher bucket under the drip spout (Fig. 1). Fill the overflow can with water
until water no longer comes out the drip spout. Remove the excess water from the bucket
and dry with a paper towel. Put the catcher bucket on the digital scale and tare. Place the
dry bucket under the drip spout again.

With the hook provided, carefully lower the rectangular mass into the water. Do this
slowly or the water will come over the sides of the overflow can and not out the drip
spout.

When the water has quit coming out of the spout, weigh the catcher bucket with the water
and record the weight as the volume of water V. Use Eq 2to detemnne the density of
the rectangular ob_]ect Yow L 54

Repeat the procedure using the small square block the large square block and the
cylindrical object.

Repeat using all the objects of the second density set. Determine the density of the
objects and include error analysis.
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FIGURE 1: Diagram of overflow can and catch bucket.

Bernoulli’s Principle:

(1)

2

3)

4
&)

Make sure all holes are secured with stoppers before starting the experiment. Pour water
into the plexiglass cylinder to the top outlet valve (Fig.2). Measure and record this height
as H. This will be the starting point for all of the measurements. Measure the height, 4, of
the outflow holes from the bottom of the cylinder and record as h,, h,, ks, h, and hs.

The next part of this experiment requires teamwork. One person will be responsible for
pulling the stopper and the others will need to watch where the water hits in the stream
table. Initially, the water comes out the farthest and then decreases quite rapidly. You
only need the initial distance. Beginning with the highest hole, pull the stopper and when
your teammates have determined the distance (x) of the stream, quickly replace the
stopper back in the hole. Record the distance as x, (for &,).

Fill the cylinder with water to the outlet valve, or the height, H. Repeat Step 2 for h,, h;,
h, and A5 and record their distances as x;, x;, x, and xs.

Using your A for the height of the hole, determine ¢ using Eq. 6. Then the velocity can be
calculated from v,=x/t. Plot v? vs. h and determine the slope and the intercept of the line.
When through with the lab, clean up all messes.
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