Instructor Notes Compression Ratio Lesson 2


Lesson Objective: Students will calculate the compression ratio of piston engines using formulas for Piston Displacement and Chamber Volume.  Students will use direct and/or inverse variation to determine what happens to the compression ratio as the variables for piston displacement and chamber volume are manipulated. 

The compression ratio is the ratio between the volume of the cylinder (and combustion chamber) when the piston is at the bottom and the volume of the cylinder (and combustion chamber) when the piston is at the top.
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If the above diagram has a volume of 1000 cc of air at the bottom of its stroke (900 cc in the cylinder and 100 cc in the combustion chamber) and a volume of 100cc at the top of the stroke, the compression ratio would be 1000:100 or 10:1.

How does the piston displacement affect the compression ratio?  If the piston displacement is increased while the chamber volume stays the same, what happens?

Let’s increase the piston displacement in the above example to 1200 cc while the chamber volume remains at 100 cc.

CR =1200:100 or 12:1  


As the piston displacement increased, the compression ratio increased. 
How does the chamber volume affect the compression ratio?  If the chamber volume is increased while the piston displacement stays the same, what happens?

Let’s increase the chamber volume in the above example to 150 cc while the piston displacement remains at 1000 cc.

CR = 1000:150 or 20:3

As the chamber volume increased, the compression ratio decreased. 
The changes in the compression ratio when the variables for piston displacement and chamber volume are changed can be described mathematically using direct and inverse variation.

Direct variation – when two variables in an equation increase or decrease together.

If x and y vary directly for a constant k, then y = kx.  

An example of this is distance, rate, and time.  If you are driving in a car at 55 mph (constant k), the longer you travel (hours x) and the more distance you will travel (miles y).

Inverse (indirect) variation – while one variable increases in an equation another variable decreases.  If x and y vary inversely for a constant k, then 
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An example of this would be the cost to rent a charter bus for a trip.  As more people (x) ride the bus, the cost per person (y) decreases.

Joint variation - occurs when a quantity varies directly as the product of two or more other quantities.  If y varies jointly as x and z for a constant k, then 
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Combined variation – involves both direct and inverse variation.  If y varies directly as x and inversely as z for a constant k, then 
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Example 1:  
A driver wants to rebuild the engine in a car with a piston displacement of 618.60 cc and a chamber volume of 85 cc.  If the driver changes the piston displacement to 645.70 cc, would the compression ratio increase or decrease? Is this an example of direct or inverse variation?
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1) Use the compression ratio formula
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2) Calculate the compression ratio for 







the original engine by substituting the CR = 8.3 to 1






values for PD and CV into the formula.
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3) Substitute the new piston displacement







into the compression ratio formula. 
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4)  Solve for the compression ratio and 
CR = 8.5 to 1






determine if it increased or decreased.

The compression ratio increased as the piston displacement increased. This is direct variation. 
Try it:

A driver wants to rebuild the engine in a car with a piston displacement of 618.60 cc and a chamber volume of 50 cc.  If the driver changes the chamber volume to 75 cc, would the compression ratio increase or decrease? Is this an example of direct or inverse variation?
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1) Use the compression ratio formula
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2) Calculate the compression ratio for 







the original engine by substituting the CR = 13.4 to 1






values for PD and CV into the formula.
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3) Substitute the new chamber volume







into the compression ratio formula. 
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4) Solve for the compression ratio and 
CR = 9.2 to 1






determine if it increased or decreased.

The compression ratio decreased as the chamber volume increased. This is inverse variation.
Example 2:

If y varies directly as x and inversely as z with a constant of variation of 2, write the model.  What would y be if x = 10 and z = 5.
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1) Write the combined variation model using 






both direct and inverse variation.

[image: image15.wmf]  

y

=

2

10

(

)

5







2) Substitute the values for x and z into the 








model.

y = 4






3) Solve for y.

Try it:

The volume of a cylinder varies jointly with the radius squared and height.  The constant of variation is (.  Write the model and determine the volume of a cylinder if the radius is 4 inches and the height is 6 inches.
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1) Write the model of the joint variation.
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2) Substitute the values for r and h into the model.
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3) Solve for V using order of operations and remember to put 




the correct units!
Example 3: The horsepower (h) needed for a water pump varies jointly with the depth of the well (d in feet) and the rate (r in gallons per minute).   If a 50 horsepower motor pumps 800 gallons per minute at a depth of 150 feet, find the constant of variation k.  Estimate the horsepower needed to pump 1000 gallons per minute at a depth of 100 feet.
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1)  
Write a joint variation model with k as the 







constant of variation.
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2)
Substitute the values for h, d, and r into the 


50 = 120000k





model.  h = 50, d = 150, and r = 800
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3)
Solve for k by multiplying 150 x 800 and then 






dividing by 120000.
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4)
Substitute the values for d and r as well as the 






constant of variation k from the previous step 
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into the joint variation model.

h = 42 horsepower



5)
Solve for h by multiplying.

Try it:

Horsepower (Hp) varies jointly as the distance traveled (d in feet) and the weight (w in pounds) with a constant of variation of 
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.  Write the model for horsepower and use it to calculate the horsepower needed to move a 1000-pound object 500 feet.
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1)  
Write the joint variation model 








for horsepower.
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2)
Substitute the values for d and w 








into the model.

Hp = 15 horsepower





3)
Solve for Hp.
Small group/individual problem write:

If you were modifying an engine would you change the piston displacement, chamber volume, or both?  Explain what you would do and your reasoning for the change.

(Have students work on this problem in groups of 2-3 for 15 minutes or so.)
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