Lab 4: Calibration of Discharge Coefficient

In this lab experience you will obtain the discharge coefficient of a 1.23”-diameter orifice plate using a bench-top airflow system.

I) Pressure Transducer and Inclined Manometer Cross-Check

The pressure transducer is connected at the same ports as the inclined manometer. The manometer gives inches of water directly. Read the scale using the top edge of the fluid column. You should see a reading of zero when the system is not running.

The pressure transducer is linear and gives 0V at 0 inH20 and 5V at 30 inH20. 

Turn it on and use the zeroing screw to obtain zero volts for zero flow.

Run the system to obtain an inch of water pressure as read from the manometer. Use the multimeter to check that the pressure transducer voltage matches the manometer reading. Write down the actual voltage.

I) Hot Wire Anemometer

The probe reads air velocity and temperature. Make sure the slider is positioned to expose the wire. When placing the probe on the housing, make sure the wire is exposed to air flow, near the center of the pipe. There is a white dot on the probe to help with the alignment.

II) Data collection

1) Read the ambient temperature.

2) Read ambient pressure using the transducer connected to the manifold next to the velocity probe. This transducer has a linear range from 0 to 20 psia with voltages from 0.1 to 5.1 V.

3) Turn on the oscilloscope, run the motor at 50 percent and set the scope to display the waveform from the turbine flowmeter and indicate frequency. 

4) Run the system at pressure differentials from 0.4 to 1.2 inH20. Use the manometer to set the motor velocity quickly but then read the transducer voltage. At each motor speed, take air velocity, frequency and pressure differential. 

5) Read the static pressure once more while running the system at top speed.

III) Data Analysis and Report

Write a short report summarizing what has been done. Concentrate on the following steps:

1) Calculate ambient air density using the ideal gas equation of state and the ambient pressure and temperature data. You will assume the density to have been constant throughout the experiment.

2) Calculate the density assuming ambient temperature but using the pressure corresponding to maximum speed.

3) Calculate air flow for all data points by using the velocity probe data and an area corresponding to a 2-inch diameter pipe section.

Use the calculated air flow and the flow formula seen in class to determine the discharge coefficient for all data points.

4) Calculate the Reynolds number (use viscosity data corresponding to ambient pressure and the constant density assumed) and plot the discharge coefficient against Re, using a log scale x-axis, as seen in class. 

5) How do the two calculated densities compare? Is it safe to assume incompressible flow?

6) Use the compressible flow formulas shown in class to find mass flow rate. Make a table comparing these calculations with the mass flow obtained from step 3 (multiply by density).

