Model No. ET-8782 Energy Transfer—Thermoelectric

Experiment 4:
Coefficient of Performance

Equipment Required Part Number
Thermoelectric circuit board part of ET-8782
Foam insulator part of ET-8782
Heat sink and thumbscrew part of ET-8782
Banana patch cords (qty. 4) part of ET-8782
Temperature cables (qty. 2) part of ET-8782
DC Power Supply (10 V, 1 A minimum) SE-9720A or equivalent
PASPORT Voltage/Current Sensor PS-2115
PASPORT Quad Temperature Sensor PS-2143
PASPORT interface(s) PS-2001 or equivalent
DataStudio software See PASCO catalog
“Coeff of Performance” configuration file for DataStudio part of ET-8782

Introduction

Some heat pumps, such as refrigerators and air conditioners, are used for their cooling effect.
They pump heat out of acontainer or abuilding, making the interior cooler than the surrounding
environment. But a heat pump can also be used to pump heat into a building, making the interior
warmer than the surrounding environment.

An important property of a heat pump is how much energy it uses to move a certain amount of
heat. In this activity you will measure the Coefficient of Performance of a heat pump working in
both modes, and discover how a heat pump can be more efficient at heating a building than
conventional methods.

Set-Up

1. Input Power: Set the Heat Pump/Heat Engine switch to the neutral position (straight up).
Connect the power supply using banana patch cords to the input power terminals on the
circuit board as shown in picture. Note the polarity.

2. Heat Snk and Insulator: Attach the heat sink to the aluminum block on the Hot Side of the
peltier. Place afoam insulator on the other block.
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Voltage/Current
Sensor
<+—Ch2
Power
Temperature Supply —>
Sensor
<+—Ch 1

3. Temperature: Connect the cables from the temperature ports on the circuit board to the Quad
Temperature Sensor. Connect the Cold Side to Channel 1 of the sensor and the Hot Side to
Channel 2.

4. \oltage: Connect the voltage |eads of the Voltage/Current Sensor to the Voltage Ports on the
board. Note the polarity.

5. Current: Connect separate red and black banana patch cords from the current input of the
Voltage/Current sensor to the Current Ports on the board. Note the polarity.

6. Computer: Connect the sensors to the computer through the PASPORT interface. Open the
pre-configured DataStudio file “ Coeff of Performance”. The display should look as shown

below.
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Model No. ET-8782 Experiment 4: Coefficient of Performance

Background

DataStudio has been configured to measure and record the temperature of both aluminum blocks,
and the voltage and current applied to the peltier. From these measured quantities, DataStudio will
calculate and display heat flow, power and work. The following sections explain how DataStudio
makes these measurements and calculations.

Heat vs. Temperature

The digits displays show the heat that flows into the hot block (Q,.,) and out of the cold block
(Qua)- Therelationship between heat flow and temperature change is given by

Q =mcAT
where:

Q = heat transferred,

m = mass of the aluminum block,

¢ = specific heat of aluminum = 0.90 J(g-°C),
AT = change in temperature.

A positive value of Q,,, represents heat flowing into the hot block, but a positive value of Q
represents heat transferred out of the cold block.

cold

The temperature of each block is measured by the embedded thermistor. DataStudio calculates the
heat flow from the measured temperature change, and pre-entered values of m and c. Click on the
calculator icon in the tool bar and look at the equations used; note the constants, m and c, in the
bottom section of the calculator window. (The mass of each block isabout 19 g. If you would like
to enter your own value for the mass, measure the blocks with calipers and use the density of
aluminum, 2.7 g/cc, to calcul ate the mass, then enter it in the calculator.)

Input Power and Work Done by the Peltier

Input Power from the power supply equals the rate at which the peltier doeswork to pump heat
out of the cold reservoir and into the hot reservoir. The Voltage/Current Sensor measures the
voltage applied to the peltier, and the current that flows through it. DataStudio cal culates the I nput
Power using the equation: Power = Voltage x Current.

The area under the plot of Input Power versustime equals the energy supplied to the peltier, which
equals the work, W, done by the peltier.

Start Condition

The configuration file contains a start condition; when you click the Start button (with the knife
switch open) DataStudio will display live data, but it will not start recording until you close the
knife switch. Thiswill allow you to monitor the measurements and confirm that both blocks are at
the same temperature before data recording starts.
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Procedure

Refrigerator

Before you start, the knife switch should be in the neutral position (straight up) and the fan should
be switched off. Make sure that the foam insulator ison the cold block, and that the heat sink is on
the hot block.

Set the DC Voltage to about 5 volts.
Click the Start button.

Observe the temperatures of the hot and cold blocks; they should be within 0.1 °C of each other.
(If they are not, turn on the fan and wait until the temperatures have equalized. Then turn the fan
off and proceed.)

Set the knife switch to Heat Pump mode. Allow the heat pump to run for 10 to 15 seconds, then
open the switch. Watch the temperature graphs; once the temperatures have peaked out, stop data
recording. You need to give the blocks a few seconds to reach a maximum or minimum before
you stop recording.

Heat pumps are rated by the Coefficient of Performance, k. In the case of a heat pump used for
cooling (such as arefrigerator) the Coefficient of Performanceis

Qcold ;
k=—(f I
W (for cooling)

The Coefficient of Performance expresses how much heat the heat pump removes from the cold
side compared to how much energy it uses to move the hest.

1) Useyour values for the heat pumped out of the cold block (Q,,,) and the area under the
Power versus time curve (W) to calculate the Coefficient of Performance, k, for your model
refrigerator.

2) Forreal heat pumpsk is usually expected to be greater than 1. Isthis the case for your model?

3) Your heat pump can aso be thought of as amodel air conditioner, a device used to keep the
inside of abuilding cooler than the outside air. In terms of moving heat, what does an air
conditioner do to keep a building cool? (Keep in mind that an air conditioner does not
necessarily move air into or out of the building.)

4) Compare your model to a building being cooled by an air conditioner. What does the peltier
represent? What does the cold block represent? What does the hot block represent?

5) If you were selecting an air conditioner to keep your home cool, would you choose one with a
high or low coefficient of performance? Explain why.
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Reversible Heat Pump

A certain kind of air conditioner, known as areversible heat pump, can also be used to heat a
building. You will now use the peltier to model areversible heat pump being used to keep a
building warmer than the surrounding air.

Place the heat sink on the cold block, and the foam insulator on the hot block.

Delete the data that you have previously recorded. (Click on the Experiment menu and select
Delete All Data Runs.)

Click the Start button. Make sure that the hot and cold blocks are within 0.1 °C of each other
before proceeding. (If they are not, remove the insulator, turn on the fan and wait for the
temperatures to equalize. Then turn off the fan, replace the insulator and proceed.)

Set the switch to Heat Pump mode. Allow the heat pump to run for 10 to 15 seconds, then open
the switch. Watch the temperature graphs; once the temperatures have peaked out, stop data
recording.

For areversible heat pump heating a building, we are interested in the heat pumped into the
building, Q,. (Thisis opposed to the previous case where we were interested in the heat pumped
out of the building.) Thusthe Coefficient of Performanceis

_ Qhor
W

k (for heating)

6) Useyour valuesfor the heat delivered to the hot block (Q,,,) and the area under the Power
versus time curve (W) to calculate the Coefficient of Performance, k.

7) If you had used asimpleresistor (rather than the peltier) to heat the aluminum block, and used
the same amount of energy (W), what would have been the maximum amount of heat
transferred to the block?

8) Compare your model to a building being heated by a reversible heat pump. What does the
peltier represent? What does the cold block represent? What does the hot block represent?

9) Why isitimportant for k to be greater than 1 for areversible heat pump? Compare thisto a
smple electrical heater. How much heat is delivered to a building using asimple heater
supplied with 100 J of electrical energy? How much heat is delivered to a building using a
heat pump, with k = 2, that uses 100 J of electrical energy to pump heat from outside to inside
the building?

Further Investigation

Think of afactor that you can vary in the experimental set-up. Predict how varying that factor
would affect the coefficient of performance in heating or cooling mode. Do an experiment to test
your prediction.
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