Immersion heater

Aim of the experiment:

To find the most effective immersion heater

You are provided with different sorts of  wire of varying thickness, a beaker, a low voltage power supply, a stop clock, clamps, stands etc., crocodile clips and leads. You will also have access to a balance so that you can measure the mass of your beaker and the water.

You are to use these to find the most effective arrangement for a low voltage immersion heater.

It is suggested that you fix the voltage to 5V
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You might find some of the following information useful together with the sheet of data on the wires:

Specific heat capacities:   glass 600 J/kg/goC    Water 4200 J/kg/oC

It is possible to calculate the expected rise of temperature using some of the formulae given. A time of around five minutes is suitable for heating 200 g of water and remember that this time must be in seconds when used in the formulae. 

There are three possible variables:

(a) length of wire
(b) diameter of wire

(c) type of wire

The easiest to investigate is the length

Set up the apparatus and record values of the starting and ending temperatures of the water in the beaker and also the current and voltage for each piece of wire.

Make sure that

(a) you are measuring the length of wire that is actually in the water

(b) the wire does not short itself in the water

(c) you use a short enough piece of wire and a small enough amount of water to get a reasonable rise in temperature in five minutes (this should be at least 2oC) to make your results accurate enough

(d) you do not use a piece of wire that will take too large a current from the power supplies that you are using (probably limit the current to 6A).

Work out the temperature rise for each trial.


Plot a graph of temperature rise (y axis) against either:

(a) length of wire

(b) diameter of wire

(c) type of wire

The length of wire is a much better and easier variable to use as you can easily vary it and get a lot of pieces of wire of different lengths.

You will need to repeat the experiment for at least two pairs of values to check your results. You can do this at any time but it is better to wait until the final graph has been plotted to see if there are any anomalous results (ones that do not fit the trend line).


Some background theory

Using the equation 

Electrical energy = Power x Time = VIt = I2Rt = [V2/R]t

You can see that if we keep the voltage constant the energy will increase for:

(a) a bigger current

(b) a smaller resistance

Now if you are using length as a variable this will meant that you will get more heating from a shorter length of wire where the resistance is low and so the current will be big.

Some questions to ask yourself

(a) Is any heat being lost from the apparatus?

(b) Do I need to allow for the heat absorbed by the glass of the beaker during the heating?

(c) What range of lengths, diameters or types of wire will be suitable?

Some answers:
(a) yes there will be heat loss but it will be small as the temperature rises are usually only a maximum of 20o C

(b) only in an accurate experiment. The specific heat capacity of glass is a lot less than that of water and you are using a bigger mass of water than you are of glass and so the glass will absorb only a small fraction of the heat absorbed by the water.

(c) you can check this by either doing a preliminary experiment with around 20 cm of wire or better still calculating the predicted rise using the formulae suggested and the data on the following page that gives you the resistance of 1 m of different sizes and types of wire.

Useful formulae: 


V = IR


Electrical power = VI = I2R = V2/R





Electrical energy = Power x Time = VIt = I2Rt = [V2/R]t





Heat energy = mass x specific heat capacity x temperature rise








Volts


d.c





 5.00





Amps


d.c





 0.86





0-12 V DC





Circuit diagram for the experiment
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