Gas Laws

Assessment: During this assessment, students will apply gas laws into a real life situation. 
In recent years the rising cost of fuel along with environmental factors, such as climate change, has brought increased scrutiny to the use of traditional gasoline powered engines.  One alternative to the traditional gasoline engine being discussed is “clean-diesel” technology, which has an increased efficiency and lower CO2 emissions.  Unlike gasoline powered engines, which use a high temperature sparks generated by the spark plug to ignite the fuel-oxygen mixture, diesel engines, have no spark plugs.  Diesel engines instead rely on a higher compression ratio (amount by which the volume is reduced in the cylinder) to ignite the fuel-oxygen mixture.  The compression ratio of a typical diesel engine is 20:1 compared to the compression ratio of 8:1 in a typical gasoline engine.  

Using the gas laws explain how a diesel engine uses the high compression ratio to ignite the fuel air mixture.  

Note: The ignition temperature for diesel fuel is 210oC (483K). 

Reflection/ Teaching Tips: 
Purpose for the assessment:

The intended purpose of this assessment is to evaluate how well students apply the gas laws to a practical real world application.  All too often students will just memorize the relationship between the variables and be unable to apply these concepts to a specific situation.  This assessment requires students to take what they have learned about the gas laws and use it in a specific context. 
The goal for this assessment was to evaluate how well the students could apply what they learned during the course of the unit to a new situation.  In this assessment the students were asked to use the gas laws to explain the combustion process in a diesel engine. 

Possible ways to use the assessment:

This assessment would be used as a group test question. This assessment was used as a group test question during my unit on gas laws (unit 9).  The students were given this assessment before they completed the individual portion of their unit summative assessment. Teacher recommends to administer this question after a unit on gas laws. 
Additional advice for using the assessment:
Before administering this assessment the students should observe a fire piston demo. The fire piston works on the same principle as a diesel engine.  The increase in temperature generated by the rapid change in volume and pressure ignites a fuel source (cotton). 

This question was developed in response to a class discussion that happened in a chemistry class.  A student had asked a question about combustion reactions that occur in engines and the entire class became interested in learning about how engines work and the chemistry involved in them.  

Student understanding:

Once it is explained that the students did not need to have any previous mechanical knowledge about how engines worked to adequately answer the questions students seemed comfortable with the assessment. This assessment was very appropriate for the students since it required them to apply the knowledge gained during the unit to a different context that they were not familiar with. 

Most of the students were able to explain that the increased pressure in the cylinder of a diesel engine raises the temperature enough to ignite the fuel.  To explain this most of the students used Gay-Lussac’s Law. A few students tried to explain the process only using Boyle’s Law. The students who had alternative conceptions were just thinking about the relationship between volume and pressure.  

