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Coefficient of Performance of a Refrigerator
	


Introduction
In this experiment, you will have the opportunity to work with an actual refrigeration system that was specifically designed for your inspection and experimental operation.  You will learn how this system works as well as experimentally determine whether it could function better as a refrigerator or a heat pump.  As a result of this exercise, you will also learn how to measure the COP.

Theory

The Refrigerator
http://www.chemistry.wustl.edu/~courses/genchem/Tutorials/Fridge/refrigeration.htm
http://www.answers.com/topic/refrigeration
http://www.energyquest.ca.gov/how_it_works/refrigerator.html
http://home.howstuffworks.com/refrigerator4.htm
http://web.me.unr.edu/me372/Spring2001/Refrigeration%20Cycles.pdf
http://highered.mcgraw-hill.com/sites/dl/free/0072383321/22365/study_guide_ch10.pdf

Theory

1.
Briefly explain how this system works.  Be sure to discuss the function of the compressor, condenser, expansion valve, and the evaporator.

2. Explain how a heat pump works.  Why does your text describe a heat pump and a refrigerator as the same system but with each operating in the reverse direction of the other?

3.
Derive an equation for the coefficient of performance of a refrigerator involving the specific heat of water, the flow rate, the temperature change and the electrical power (IV).  First familiarize yourself with the procedure, and then carry out the derivation with the definition of the COP given in your text.

Procedure
Locate the refrigeration unit, and using the diagram, determine which tube must be connected to the spigot of the sink.  Adjust the tap water temperature so that it is between 25°C and 30°C.  Also adjust the control valves (located on top of the evaporator) so that the two water outflows are roughly equal in flow rate.

Turn the compressor on.  If the compressor turns off, push the reset button in hard and release.  The compressor should turn on again.  This resetting may have to be done several times.  Once the compressor has been running continuously for about five minutes, plug a multi-meter into the thermistor selector to read resistances (k setting).  These resistances can then be correlated to temperatures using a table located on top of the condenser.  Also located on top of the condenser is a listing of the thermistor settings vs. temperature regions.  Measure the resistances for the tap water coming into the unit, the cold water going out, and the hot water going out.

Next measure the flow rates of the hot and cold water coming out of the unit.  Mass a dry 1000 mL beaker on the triple-beam balance.  Position the out flow tubes so that they are at the same level (resting on the sink ledge is the best).  Place the beaker in the sink and time how long it takes to fill the beaker with around 700mL of condenser water outflow.  Dry the outside of the beaker and mass it again to determine the mass of the water.  Do the same thing for the evaporator water outflow.

Also read the current used to run the compressor as well as the potential (voltmeter required).

Data
Resistance of Tap Water:
__________ k
Tap Temperature:
__________ o C

Resistance of Cold Water:
__________ k
Cold Temperature:
__________ o C

Resistance of Hot Water:
__________ k 
Hot Temperature:
___________o C

Current:
____________ A
Potential:
____________ V

Mass of Dry Beaker:
____________ g

Mass, Beaker + Hot Water:
____________ g
Mass, Beaker + Cold Water:
__________ g

Time to Fill, Hot Water:
____________ s
Time to Fill, Cold Water:
__________ s

Flow Rate of Hot Water:
____________ kg/s
Flow Rate of Cold Water:
__________ kg/s
Calculations & Results
1. Using your data and the derived equation, calculate the coefficients of performance for the experimental unit both as a refrigerator and a heat pump.  Show your calculations in the space below.  Does this unit work better as a heat pump or as a refrigerator?

COP, Refrigerator:
_________
COP, Heat Pump:
_________

2. Estimate the uncertainties in the measurements and determine the uncertainty in the COP of the refrigerator and heat pump.  State any assumptions and show all work.
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