  THE UNIVERSITY OF ZAMBIA

EG 365-Fluid Mechanics 

Lab 1. Hydrostatics and Manometry

Objective

The objectives of this experiment are to learn to use differential manometers to measure static pressure at a point in a fluid and to measure static pressure differences within a fluid system.  Estimates of relative errors in measuring pressure differences by different methods will also be made.

Description of Apparatus

The apparatus consists of four experimental stations of manometry tubing mounted on boards in the Hydraulics Section the Laboratories.  The equipment for each station consists of two junctions, A and B, which are connected to manometry tubing as shown in Figure 1.  Water enters junction A from a constant-head reservoir, allowing water level a3 to remain equal to that of the reservoir throughout the experiment.  The same reservoir also feeds junction B by means of a supply pipe that allows the initial water level b3 to be set, and there is a drain pipe that allows water to leave the tubing at B.
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Figure 1
As shown in Fig. 1, two manometer fluids are used in the system:  water, which is clear (SG=1.0) and mercury, which is silver(SG=13.55). 

Procedure

For five different static configurations, the pressures, the pressures PA and PB at junctions A and B, respectively, and the pressure difference PA – PB will be calculated by measuring the heights of the fluids in the manometer tubes relative to the common datum line shown in Fig. 1.

Before the initial data are recorded, the supply valve is opened to obtain a controlled maximum height of water above junction B, while the drain valve is closed.  The supply valve is then closed after the initial height of water b3 has been set, and it remains closed for the remainder of the experiment.

For each setting, measure the fluid heights indicated in Fig. 1 relative to the common datum line by means of a meter stick.  Record the heights of the junction points A and B, as well as all fluid heights, by using the suggested data sheet in the Appendix.

After recording data for the maximum height b3, adjust the settings by opening and closing the drain valve to obtain 5 incremental changes of the pressure difference PA-PB, and repeat the data collection sequence described above.

Analysis

For each specific static configuration, the pressures at junctions A and B and the pressure difference PA- PB can be determined in three different ways.  First, by considering the heights of water directly above the junctions, one can show that the pressure difference PA – PB is given by:
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Where (w  denotes the specific weight of water.  Second, by determining manometer equations for PA and PB based on the from the outer mercury manometers, one can show that the same pressure difference is also given by :

Outer mercury filled tubes:
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Finally, a manometer equation through the middle mercury-filled U-tube manometer can be derived to give:

Middle U-tube Manometer:

Lab Report

In addition to presenting the report in the normal format, the following itrems should be tackled:

1. From Fig 1 and the equations for hydrostatic pressure, derive the three equations above for the pressure difference PA-PB.

2. From the data obtained, plot a single graph showing the values of PA-PB for the three different methods as functions of PA – PB calculated by the piezometric method:

· Plot the piezometric pressure difference as a dashed line only, without points.

· Plot the data from the inner mercury tube and from the outer mercury tubes (Eqns 2 and 3) as clearly distinguished points.

3. Discuss the relative precision of the three pressure measurement methods and show whether there are any systematic errors obvious in your graph.  Determine the random errors for each method.

Questions

1. Considering that the precision of the height measurement scale leaves a potential error of approximately 1 mm in measuring individual heights, what percentage error in measuring the pressure difference PA – PB arises in using the piezometric method for the first manometer setting?  What percentage errors would arise if data from the inner mercury tube and from the outer mercury tubes were used for the same manometer setting? 

2. Repeat the above analysis for the final manometer setting to compare the relative pressure errors in measuring PA – PB and comment on any changes.

3. What advantages or disadvantages are there in using mercury in manometers and barometers when compared with other fluids?  
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