Thermal Conductivity
Objectives:- 
To determine:

a) The coefficient of thermal conductivity for a good conductor.

b) Rate of heat transfer.
Theory:-

When a temperature gradient exists in a body and energy transfer from high-temperature region to low-temperature region takes place. It is said that the energy is transferred by conduction and the heat transfer rate per unit area is proportional to the temperature gradient.
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Where,

q : the heat transfer rate.

dT/dx : the temperature gradient in the direction of heat flow.

The above relation may be represented mathematically in the form:
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Where k is the thermal conductivity of the material.

The Apparatus:

The apparatus consists of a self clamping specimen stack with electrically heated source, calorimeter base, Dewar vessel enclosure to ensure negligible loss of heat and constant head cooling water supply tank. A multipoint thermocouple switch is mounted on the steel cabinet base and two mercury and glass thermometers are provided for water inlet and outlet temperature readings.

For metal specimens are provided, two holes are provided in each specimen for insertion of the thermocouples.

Experimental Procedure:-

1- The apparatus is assembled with one short specimen (mild steel or stainless steel, i.e. low conductivity material) in lower position, and one long specimen (copper or aluminum, i.e. high conductivity material) in upper position. After selecting specimens to be used in the experiment, ensure that they completely free from dirt especially at the ends where contact is to be made. Apply a light smear of Silicone Grease at the ends of the specimens before assembly to ensure good thermal conductivity.

2- Operate the clamp by moving the protruding lever positioned on the front of the apparatus to a downward position and place specimens between heating element and clamp. Ensure that the holes for the thermocouples are accessible. Release the lever, thereby clamping specimens in position. Insert thermocouples into holes provided.

3- Ensure that the thermostat adjustment control which is situated on the front of heating element is turned fully clockwise. This sets the cut out temperature to approximately 210 oC. The normal maximum working temperature is 200 oC.

4- Place the Dewar vessel in position over specimens.

5- Fit the thermometers into the special leak proof connections provided on top of calorimeter base:

a. Connect water pipes from water supply to header tank, header tank to inlet apparatus, and header tank to overflow to drain.

b. Turn on water supply. Adjust flow rate through the apparatus by means of the inlet flow valve positioned at inlet pipe. Note that the actual flow rate is not critical. However, a temperature difference of about 8 oC should be sought.

6- Connect the potentiometer instrument to the two terminals provided on the front of the apparatus.

7- Connect the control box to the socket on the right hand side of the conductivity apparatus and connect and connect the control box to a single phase AC means. Check that the supply voltage is correct.

8- Switch on the electrical supply and check that indicating lights on both control box and calorimeter base are operative.

9- Before readings can be obtained from the apparatus, the heat flow must reach a steady state condition. This can be done in either two ways as follows:-

a. Set current input to a maximum this being about 0.55 Amps. Maintain this until a temperature of 200 oC is obtained from the thermocouple nearest the element (T4). This will take 15-20 minutes. Reduce the current to 0.3 Amps until the temperatures have become steady. This will take 2025 minutes. 

b. Set current to 0.3 Amps. Leave for a period of approximately 2 hours.

NOTE: In both of the above methods the water must be flowing continuously
Collected Data:-

	Trial
	Time (sec)
	T1
	T2
	T3
	T4

	1
	0
	71
	156
	183
	192

	2
	5
	69
	153
	180
	188

	3
	10
	70
	155
	182
	190

	Total
	15
	210
	464
	545
	570

	Average
	--
	70
	154.67
	181.67
	190


Water data:-

	Volume of water collected
	83 ml

	Time needed
	120 sec

	Water inlet temperature
	20 C

	Water exit temperature
	28 C


Mass flow rate of water  m0 = 83* 10-3 * 1 / 120 = 6.92*10-4 kg/sec. 
Results:-

· The thermal conductivity for copper can be now found using the following relation : 
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Where,

k = thermal conductivity (W / m.K)

J = mechanical equivalent of heat (4186 Joules / kg.K)

M = mass of water (kg)

T1 = water inlet temperature (oC)

T2 = water outlet temperature (oC)

T3 = thermocouple temperature [cold end] (oC)

T4 = thermocouple temperature [hot end] (oC)

A = area of specimen (m2)

t = time for flow of M kg of water (seconds)

L = distance between thermocouples (m)
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· Using the same relation the thermal conductivity of the stainless steel can found,
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· Finding the heat flow per second over the length of the specimen.

In order to find q, we have to plot the temperature gradient curve and extrapolate 
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From the figure above we can see that x1=191.2 C, and x2=48.0 C,

Then q can be now found using the following relation
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Where,

x1 = Temperature at element end (oC)

x2 = Temperature at water end (oC)

L1 = length of short specimen (m)

L2 = length of long specimen (m)

A = area of specimen (m2)

k1 = thermal conductivity of short specimen (W/m.K)

k2 = thermal conductivity of long specimen (W/m.K)
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Error sources:-
· It was a very poor method when calculating the mass flow rate of water, that way was absolutely a mistaken one!. It was by finding the amount of water that exit out of the hose in two minutes.

· Poor insulation and the heat transfer to the surroundings was significant and this is observed in the results we got.
· Inability to reach the steady state condition 100%.

Discussion and conclusions:-

· The results are too far from the theoretical values, the error in the thermal conductivities compared with the theoretical was calculated as follow:
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The temperature variation in material that is high heat conductive is small and less than that for a low heat conductive one.
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