Instrument for Measuring Thermal Conductivity from a Known Heat Flux
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ABSTRACT

We constructed a simple instrument that can indirectly measure the thermal conductivity of a material in the solid state with cylindrical geometry.  As long as the heat transfer into the material is known, and the thermal properties of a reference material is known; one can use Fourier’s law in one dimension to solve for the thermal conductivity. This may be a useful tool for laboratory demonstrations of Fourier’s law or as an instrument for research groups with limited funding.

1. INTRODUCTION
The heat flux, heat rate per unit area, resulting from conduction is proportional to the magnitude of the temperature gradient and opposite in sign. Thermal conductivity is the constant of proportionality that appears in Fourier’s law.  
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The thermal conductivity of most materials is not known to a precision better than two significant figures. A measured value that is within 10% is a good measurement, and most expensive pieces of lab equipment only measure to a precision of 8%. The instrument we have constructed cost approximately two hundred dollars and took about five man-hours to build.  With this simple inexpensive instrument we measured the thermal conductivity of low brass, UNS C24000, within a 4.6% error.

2. METHOD
We constructed an instrument using materials accessible to a low budget research group that could measure the thermal conductivity of common materials. The only stipulations are the material must be a solid, and it must be shaped into a 1-inch diameter cylinder 1 inch long. The heat source used is capably of producing temperatures within the sample up to 70(C.  Two pieces of C2400 low brass 1-inch stock were cut 2.5 inches long.  Each piece of stock was machined with ports to enable K type thermocouples to be inserted into the center of the stock.
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The interior of the instrument contains these two-piece of brass stock with one end attached to a heat source and the other attached to a heat sink. In this case we used a cold-water circulation chamber made of a 3-inch PVC cap and a 3-inch male by ¾ inch female PVC bushing for attaching the circulation chamber, and a 1-inch square 120 VAC heat patch that could supply a maximum heat flux of 10 Watts per square inch.
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The interior was then placed in a 3 inch PVC housing with 1 inch of high density Styrofoam used as an insulator.
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Holes had to be drilled in the PVC housing in order for the thermocouples to pass through the insulation and the PVC housing in order to penetrate the brass stock. Also, the 3-inch PVC cap had to be drilled and tapped for fittings to be able to plumb the circulation chamber.  The heat patch was controlled by a variable AC voltage power supply, and the thermocouples were attached to an Instrunet data acquisition device, which used Microsoft Excel to plot the temperature gradient of the brass stock. In order to test the accuracy of the instrument a sample of C24000 low brass was placed in between the brass stock.  Five tests were performed using voltage settings of 50,60,70,80, and 90 VAC.  Using Microsoft Excel the temperature gradients were plotted and a linear trend line was fit to the data.  Using the following relations the thermal conductivity was found for each voltage setting.
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Where 
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 is the power, 
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is the current, 
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is the voltage, 
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is the heat flux, 
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is the radius of the stock, 
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is the slope of the trend line, and 
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is the thermal conductivity. Once the thermal conductivity was found for each voltage setting, each heat flux was plotted along with its corresponding slope.  This data series was fit with a linear trend line to find the mean thermal conductivity for the voltage settings used.

3. RESULTS

The thermal conductivity for low brass C24000 is 140 W/m2K, and with the instrument we constructed for the voltage range we used our instrument measured the thermal conductivity with at 146.6 with 3.0% error.  
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Our measurement is an acceptable 4.6% error from the accepted value for C24000. 

3. CONCLUSION
The design and method we used verifies that the thermal conductivity can easily be measured without the aid of expensive laboratory equipment. With about five hours of construction time anyone could build this instrument and get results in the same day. 
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		Regression Statistics

		Multiple R		0.9993632016

		R Square		0.9987268088

		Adjusted R Square		0.9983024117

		Standard Error		131.4842592003

		Observations		5

		ANOVA

				df		SS		MS		F		Significance F
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		Residual		3		51864.3312523745		17288.1104174582
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