
Objective: The goal of this lab is develop an understanding of the performance of a thermoelectric cooler using two methods: first by comparing the relationship of COP versus (T and second by determining under what conditions a setup with a thermoelectric cooler out performs one without a thermoelectric cooler. In addition, the effect of heat load and heat sink thermal resistance on results should be determined. 

Introduction:
Thermoelectric coolers (TECs) are based on the Peltier effect in which two dissimilar conductors transfer heat between their junctions when a DC voltage is applied to the ends of the two conductors (one may be a semiconductor). To optimize performance and control the direction of heat flow, modern thermoelectric coolers consist of an array of couples. One is shown below.
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(TE Technology, 2005)
Notice that a p and n type semiconductors are sandwiched between a conductor so that heat transfer can occur in one direction. When talking about the hot side and cold side temperatures of the device, the cold side refers to the temperature of the conductor on the heat source side, and the hot side refers to the temperature of the conductor on the heat sink side. Also, mounted between the cold side of the cooler and the heat source, as well as between the heat sink and the hot side, is a ceramic substrate made of alumina.  Note that the manufacture measures the hot and cold side temperature of the conductor and not on the alumina.


The couples in a theremoelectric cooler are arranged so that one common side transfers the heat from one surface and moves it to the opposite side where a heat sink is located. The entire thermoelectric cooler is displayed below.
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Procedure:

There are two different setups in the lab: 40W heater with TEC, and 40W heater with NO TEC. The setups are shown pictorially below. 
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Each of the setups has the same heat sink and fan assembly as well as the same insulator (phenolic). The phenolic insulator is meant to promote conduction upwards towards the copper. The copper is used to mount the thermocouples.  An important consideration is the position of the thermocouples and the method by which they have been mounted. Both thermocouples were placed about 0.25inch through the side of the copper plate, one at the center and another on the edge.  Moreover, the configuration with the thermoelectric cooler has a thermocouple mounted to the side of the base of the heat sink. This is shown below.
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Omega thermal epoxy was used to bond the thermocouples to the heat sink or to the copper plate. 

Steps to perform experiment:

1. Power the fan: Connect the red and black leads of the fan to the corresponding leads of the Kepco power supply with the use of the hooks. Make sure the red lead for the Kepco power supply is in the 0-20V socket and the black lead should be in the common socket colored black. The dial of the power supply should be set on +20V and +1A. The configuration should look like the picture below. The far left knob is used to change voltage input to the fan. 
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2. Power the heater: Connect the plug for the heater to the Variac, place the plug of the Variac into a power outlet, click the Variac switch to on, and rotate the dial to attain the voltage desired. A picture of the Variac is shown. 
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3. Power the thermoelectric cooler:  The leads for the thermoelectric cooler are labeled and should be inserted into the sockets of the Hewlett Packard 6268A DC Power Supply.  Insert the red lead into the socket marked with a positive and the black lead into the one marked with a negative. Turn the black knob on the right to 24V. The black knob on the left alters the voltages input to the TEC. For a particular TEC input voltage, once steady state occurs, rotate the right knob to 12A and record the current.  Repeat for a new TEC input voltage rotating the right knob to 24V again.
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4. Thermocouples: When taking temperature readings use the Omega HH11 thermocouple reader. Make sure to put the side of the thermocouple prong marked with a + with the corresponding socket on the HH11. All of the thermocouples are K-type thermocouples except for one, which is a T-type thermocouple. Your instructor can tell how how to ensure that the reader is set up to read the correct type of thermocouple. 
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5. Begin data collection:

There is no need to perform testing of the setups in any particular order. Take a measurement of the ambient temperature. Perform the following testing of the setups:

Heater heat loads and heater input voltage:

40W…………………..115V

30W…………………..100V

20W…………………..80V

15W…………………..55V 

For the setup with the TEC three thermocouple measurements must be taken: 2 for the copper (1 for the side and 1 for the center) and 1 for the heat sink temperature. Record the TEC voltage and current as well as the heater and fan voltages for each test. Wait for steady state before measuring temperatures. The total list of measurements to be taken are given below, but your instructor may divide these measurements among several groups.
· Set heater voltage to 115V, set fan voltage to 12 Volts, and take temperature measurements at following TEC voltages: 0, 4, 8, 12, 16, 20 (6 total tests). 

· Set heater to following voltages: 100, 80, 55 and for each heater voltage, perform a test with 0, 4, 8, 12, 16, 20 TEC voltage (18 total tests).

· Set heater to 115 V and repeat first setup with fan voltage of 9V (6 total tests)
For the setup without TEC only two copper temperatures must be read (1 for the side and 1 for the center). Wait for steady state before taking measurements. Run the first and third set of experiments listed above (115 V heater voltage, fan voltage of 12 V and then 9 V). 
Plots:

1. a. Plot the COP vs 
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T relationship for the manufacturer’s data and the experimental data on four separate plots corresponding to each heat load. The manufacturer’s data are given in a table below. Remember that 
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T=Thotside-Tcoldside, and COP=heat removed/power supplied. To find the power input multiply TEC voltage and current.
b. Also, plot the experimental COP vs 
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T relationship for the four heat loads on the same plot.

c. Plot the COP vs 
[image: image11.wmf]D

T relationship for the 12 v fan and 9 v fan for the 40 W heat load.

2. a. Plot the temperature of the hot and cold side for the setup with the TEC and the copper temperature for the setup without the TEC versus TEC voltage. One plot should be made for each of the heat loads. Since you only have one temperature for the case with no TEC and six with the TEC (0, 4, 8, 12, 16, 20 V) for each heat load, plot the copper temperature for the case without the TEC as a straight line.
b. For the 40W heat load, plot the temperature of the hot and cold side for the setup with the TEC and the copper temperature for the setup without the TEC versus voltage for the 12 volt fan input and the 9volt fan input.

c. Plot the cold side temperature versus voltage for each of the heat loads on the same plot.

Manufacturer’s Data: The manufacture’s data shown below was obtained from its published spec sheet. 

	 
	50 C hot side
	 
	 
	 

	
	 
	 
	 
	 

	Volts
	Delta T (deg C)
	Current (amps)
	Work input=VxI (W)
	COP

	4
	2
	1.6
	6.4
	6.25

	8
	16
	2.6
	20.8
	1.923077

	12
	25
	3.4
	40.8
	0.980392

	16
	41
	5
	80
	0.5

	20
	51
	6.5
	130
	0.307692


This value can also be attained on your own from the spec sheet in the Appendix and instructions below.

Finding the COP of the thermoelectric device is done by the following method: using the manufacturer’s data sheet for the particular cooler, find the plot of voltage vs current.  For a particular TEC input voltage, move horizontally until the half way point between the two diagonal lines. Next, move downwards to find the corresponding voltage. In the example below, 12 Volts is traced horizontally and then vertically downward to get a current of 4.4 amps.
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To get the COP divide the heat output of the heater with the work input to the TEC found by W=VxI.  Notice that the manufacture supplies data for 25 degree Celsius hot side temperature and 50 degree Celsius hot side temperature. Use the 50 degree Celsius data. 

The manufacturer’s 
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T can be determined by the following manner: with the current attained in the V vs I plot, use the 
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T vs current plot to get 
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T. Find the power output of the heater color coded on the bottom of the figure. For this example 40W is the output (you may have to interpolate between lines).  Find the current on the x axis, find the intersection of the heat load. Move horizontally to the right to find the 
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T. 
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Analysis

Heat losses and Errors:
Thermal resistance networks with and without the TEC are shown below. 
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Cooling assembly with thermoelectric cooler.
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Cooling assembly without thermoelectric cooler

The definitions of the resistances and temperatures are as follows:

Resistance

Rins………………….……………………….insulator resistance

Rconv…………………………………..……convection resistance

Rcont……………….……………………….. contact resistance

Rcu………………….………………………. copper (1-D conduction)

R Heat Sink…………………………………. heat sink resistance

R rad………………………………………… radiation  resistance

R almna………………………………………alumina resistance

R TEC……………………………………….. resistance of thermoelectric cooler

Temperature

T cu bot……………………………………… bottom of copper plate

T cu top……………………………………… top of copper plate 

T cold side…………………………………… cold side of TEC

            T hot side…………………………………….. hot side of TEC
The copper temperature can be assumed to be close to the temperature of the heat source and the cold side of the thermoelectric cooler. The heat sink thermocouple can be assumed to be close to the hot side temperature of the thermoelectric cooler. As shown in the resistance network, there are some errors due to resistances of the cold plate (copper) and alumina, heat loss due to forced convection from the exposed surfaces, and radiation heat loss from the side of the copper.  

Also, note that there is a resistance due to the thermocouple epoxy.

Questions:

1) From the plot of actual temperature vs voltage determine the optimal voltage to operate the two thermoelectric setups. Why was this voltage chosen? 

2) Using the plot of COP vs 
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T determine the COP this voltage corresponds with (for the actual and manufacturer’s case). Why is the COP so low, as compared to a vapor-compression system with typical COPs of 3?

3) Why are there differences between the manufacturer’s data and the experimental results for the plots of COP vs 
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T? Speculate about multiple causes. How could the thermocouples be positioned differently to get more accurate results? 

4) Some of the 
[image: image22.wmf]D

T values at low TEC voltages were initially negative. Why?

5) For which heat loads did the TEC outperform the setup without one? Look at the copper temperatures. What are some issues that would need to be contemplated to determine for which heat loads it would be economically advantageous to include a TEC in a cooling assembly? 

6) The 9V fan generates less volumetric air flow than the 12V case. Therefore, the resistance of the heat sink in the 9V case is higher than in the 12V case. How does the difference in resistances effect the COP vs T performance of the TEC? How does it affect the cold-side temperature?
7) Why is it that the curves for the minimum cold side temperature for the four heat loads have the same shape but seem to be shifted by a nearly constant margin?
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For a particular TEC input voltage, turn knob to 24V and keep at that position until steady state. Once this occurs, rotate to 12A and record current
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