Fluid Mechanics Lab

Fluid Statics

Part 1

Pressure in a fluid at rest does not change in the horizontal direction.  In the vertical direction, pressure increases linearly according to the equation:

                                                                  P = γ h

It is commonly assumed that ordinary liquids (water, alcohol, oil, etc.) can be considered incompressible; that is γ is steady throughout the liquid.

A vertical surface is exposed to hydrostatic forces distributed over its submerged area as indicated by the pressure prism.  It is useful to represent these distributed forces by a single force having the same effect on the surface as the distributed forces:

                                                                  F = yc γ A

yc is the vertical distance from the free liquid surface to the centroid of the submerged area.

The point of application of the representative force is called the center of pressure:

                                                                   Ycp = yc + Icc/( ycA)

Ycp is the vertical distance from the free liquid surface to the center of pressure.

Icc is the moment of inertia about the centroid of the area.

Procedure

Refer to Figure .

1. Level the tank using the level bubble on the tank base.
2. Hang the weight tray on the balance arm; move the counter weight to balance the arm.
3. Close the drain tap.
4. Place 75g on the tray.

5. Carefully add water to the tank until the balance arm is level.  Use the drain tap if the tank is overfilled. Record the quadrant level and tray weight.
6. Increase the tray weight to 150g. Rebalance the arm by adding water to the tank.  Record the quadrant level and tray weight.

Calculations

Refer to Figure in 

L = 285mm; distance from weight tray to pivot point.
a = 100mm; distance from pivot point down to top of quadrant.

b = 70mm; width of lower quadrant face.

d = 100mm; height of lower quadrant face.

y = water level on quadrant face in mm. 

W= mg (N)

WL (Nm)
WL = F[a + (0.1m – y + y/2)]; solve for F (N)

Ps = F/A (Pa)
A = (0.07m)(y) m2
Ph = γ yC (Pa)
Yc = y /2 m

Part 1

1. Calculate & compare Ps & Ph with 75 g on tray.

Part 2

1. Increase the tray weight to 150g; repeat the steps in Part 1.

In Parts 1 & 2, note the degree of agreement between the two values, Ps & Ph, in each Part.  
Part 3
When an object is placed in a liquid, it will experience a buoying force equal to the weight of the liquid it displaces.  This upward force acts vertically through the centroid of the displaced volume.  If the weight of the object exceeds the buoying force, the object sinks; otherwise, the object will float when sufficient volume of liquid is displaced to balance the object’s weight:  FB + W = 0

Tradition has it that Archimedes discovered the basis of buoyancy when he was attempting to determine the volume of an irregular object.  In this lab, students will measure the volume of an object and use Archimedes Principle to calculate volume of the object for comparison.

Procedure

1. Use a micrometer and/or calipers to determine the dimensions of the object and calculate its volume.

2. Hang the object on the spring scale by the thin wire supplied.  Record the weight in air.

3. Repeat Step 2 with the object submerged in the water tank.

4. Calculate the volume of the object based on its buoyancy and compare to the measured volume.
5. Fill the graduate cylinder with water to about 600cc.  Note the actual volume level.  Suspend the object in the cylinder, completely immersing the object.  Note the increased water level.  
6. Compare the three volumes; use the micrometer-based volume as the “true” volume to calculate % differences. 
Conclusion 

Comment on the accuracy of the Archimedes approach.  Include observations on the sources (if any) of error in the comparison.
When the Lab is complete, open the drain tap to empty the tank.  Return the tray and weights to their dedicated drawer.
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ANNEX III. ESTIMATED GEOMETRIC DATA OF THE

EQUIPMENT
L i
|
T = 7
5 b = -
= :2 S.L.
2 1
. ‘\\\a‘g —ﬁ1
= =|b





_1366006441

