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AP Physics B – A thermodynamics fountain

Purpose: To use dry ice to simulate an engine and use the model of the engine to calculate the Carnot efficiency as well as the thermal efficiency.
Materials: Graduated cylinder, Gas collection bottle, one hole stopper with a glass tube insert that goes almost to the bottom of the bottle, trough, thermometer, water, dry ice

Pre-Lab: The Engine Model

In the space below, draw the basic model of an engine and assign variables to each of three important parts. Include any other important variables that can be used to find efficiency such as temperature.

Procedure:

1. Fill the gas collection bottle with water using the graduated cylinder and record the volume of water in the bottle and place it in the trough.

2. Measure and record the temperature of the water in KELVIN.

3. Quickly measure and record the mass of a piece of dry ice in kilograms.

4. Quickly add 1 piece of Dry Ice to the water and stopper the bottle. The dry ice should quickly sublime to a gas, which displaces the water upward.

5. Approximate how high the water reaches and record this displacement in meters.

6. Measure and record the temperature of the water in Kelvin at the bottom of the bottle NEAR the piece of dry ice.

Data Table

Volume of water used __________________

Water Temperature before experiment ______________________

Mass of dry ice _________________

Height of water column _____________________

Temperature of water near dry ice (COLD) ____________________

In the space below show how you could actually calculate the CARNOT efficiency of this engine. Justify your work with a detailed explanation.

In the space below, calculate the MASS of water launched up into the air.

In the space below, calculate the potential energy of the water. This value is the same as the amount of work the carbon dioxide does to push the water upward.

As the dry ice changes state it absorbs heat from the water and sublimes. Anytime a substance changes state we call it LATENT HEAT, or in this case Latent Heat of sublimation. The latent heat (L) of sublimation for carbon dioxide is 5.73 x105 J/Kg.

You can find the actual HEAT ENERGY (Q) released by using the following equation:
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. Using the mass of the water and the latent heat value, solve for the heat energy.

Determine the THERMAL EFFICIENCY of the dry ice engine. Use the equation:
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What can you say about the Carnot efficiency compared to the Thermal efficiency?
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