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[bookmark: _Toc5394954]Introduction 

[bookmark: _Toc5394955]Aims 

· To investigate how different Mass flow rates affect the overall performance of the heat exchanger.
· Experiment 1: To show how different water flow rates are affect by water temperature.
· Experiment 2: To show how different air flow rates affect the heat exchanger when water temperature is fixed. 
· Experiment 3: To show how two different water temperatures affect the heat exchanger when the water flow is fixed.
[bookmark: _Toc5394956]Objectives 

· To formulate an evaluation of the performance of the heat exchanger. 
· Graphically produce results and critically assess the testing procedure for errors. 
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2.1 Predictions. 
Before the experiment was carried out a number of predictions were made to assess and gain an idea of what may happen in the tests these are as follows.
Experiment 1: If you vary water flow which is flowing through the heat exchanger you will be increasing or decreasing the available fluid needed to transfer energy to the air. So by reducing the flow rate you will be limiting it, resulting in a reduction of power. 
Experiment 2:  By altering the air flow rate and keeping the water flow rate constant the prediction of this will be high air flow high power output, low air flow low power output.  This is assuming that the higher flow rate will be able to transfer more energy in a given time frame. 
Experiment 3:  Much the same as experiment 2 however the increase in temperature you’d expect to see an increase in power output as more initial energy is being applied into the system so more energy should exit the system.   




[bookmark: _Toc5394958]Heat Exchangers

[bookmark: _Toc5394959] What is a heat exchanger?
A heat exchanger is a simple but affective device which will transfer energy from one form of fluid to another fluid. The two separate streams will not physically interact with one another but by using materials that have a large heat conduction a transfer of energy will occur. Heat exchangers are used in most commercial and industrial applications to cool or heat up another fluid. There must be a temperature difference between the two fluids for any transfer to occur and thermal contact needs to be made. 

[bookmark: _Toc5394960]Types of heat exchangers. 


Parallel flow
This type of heat exchanger is when the two streams of fluid flow in the same direction and enter and leave in the same general area.  The initial heat transfer using a parallel flow is greatest at the beginning with the largest temperature difference between the two streams. 


[image: ]




Cross flow 
In a cross flow heat exchanger heat is transferred by using an air stream being drawn across tubes which the surface area contacting the air stream at a perpendicular angle “crossing the flow.” This would allow for a uniformly distributed air flow across the surface of the stream. 
For the experiment the equipment that will be tested is using a cross flow type heat exchanger.  
Benefits of a cross flow type are that they are less expensive than other types of heat exchangers and they are easy to operate and maintain as there is less drop-in pressure across the length of the tube. However, in industrial practice they are very large and require a lot of space for sufficient cooling capabilities. 
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Counter flow.
Counter flow alignment is when the two streams of fluids are flowing in opposite directions this would not have a large initial temperature difference but more gradual increase as inlet 1 and 2 flow enters at different points. 
As one flow increases the other decreases which will mean they will have a constant temperature difference between them, therefore counter flow heat exchangers are the most efficient configuration of heat exchanger.
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[bookmark: _Toc5394961]Fin plate heat exchanger 
A fin plate heat exchanger uses a large surface area generated by the fins to improve heat transfer, normally they are manufactured from aluminium. This allows for greater heat dissipation and transferring to its surroundings. Another benefit of this heat exchanger is that it is very light weight. This is perfect for the automotive industry which they use Fin plate design in vehicle radiators. They are typically more expensive to produce than a more conventional heat exchanger due to the greater manufacturing need. However the gains in efficiency is far worth the expense.    















[bookmark: _Toc5394962]Improving a heat exchanger 

Baffles - Installing baffles inside a heat exchanger tubing can direct the flow to allow for a more increased energy transfer.
Material – Increasing the thermal conductivity of the material will allow for more heat energy to be transferred from one fluid to another. 
Flow rate – Improving or decreasing the flow rate so it is right for the temperature and pressure of the heat exchanger. 
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[bookmark: _Toc5394964]Experiment 1 - The Effect of Varying Water Flow Rate

· Set up and connect the 32 tube heat exchanger making sure that the inlet and outlet pipes are correctly mounted into the Heat exchanger.
· Once this is complete the temperature is set to 60 degrees Celsius.
Be sure to note down the ambient pressure of the room (1003mb) the test is being taken in as this can have a small but critical affect to the results as the ambient pressure is slightly different when outside or within a room. 
· Check the orifice diameter of the pipe to see if it is correct to what has been stamped onto it. (0.06m) 
· Switch the fan on. This will draw air into the heat exchanger and align the slide valve to the airflow. The prescribed pressure drop is 250Pa but an acceptance of 5Pa either +/- is acceptable, however it’s advised for better accuracy to be as close to the target pressure as possible. 
· Switch on the water pump and set it to 2.25 L/ Min using the valve, a tolerance of 
0.01L/min is acceptable. 
· Allow the temperature to even out before continuing as this will increase the accuracy of the results. 
· [bookmark: _Hlk5384724]After this has been completed repeat the steps and alter the water rates, noting down the results. 





[bookmark: _Toc5394965]Experiment 2 – The Effects of Varying Air Flow Rate

· Set up and connect the 32 tube heat exchanger making sure that the inlet and outlet pipes are correctly mounted onto the Heat exchanger.
· Once this is complete, set the temperature to 60 degrees Celsius.
Be sure to note down the ambient pressure of the room (1003mb) the test is being taken in as this can have a small but critical affect to the results as the ambient pressure is slightly different when outside or within a room. 
· Check the orifice diameter of the pipe to see if it is correct to what has been stamped onto it. (0.06m) 
· Switch the fan on this will draw air into the heat exchanger and align the slide valve to the airflow the prescribed pressure drop of 250Pa. A tolerance of 5Pa either +/- is acceptable however it’s advised for better accuracy to be as close to the target pressure as possible. 
· Switch on the water pump and set it to 0.25 L/ Min using the valve, a tolerance of 
0.01L/min is acceptable. 
· Allow for some time so the temperatures within the heat exchanger stabilises then continue taking down the results of the experiment.
· After this has been completed repeat the steps and alter the air flow rates, noting down the results. 






[bookmark: _Toc5394966]Effect of Varying Temperature (Driving Force)

Set the heater to 45 degree Celsius and now repeat the test following experiment 2 be sure to wait until the temperature has fully decreased to 45 degrees when moving from test 2 to 3.   
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[bookmark: _Toc5394969]Experiment 1 -- The Effect of Varying Water Flow Rate 
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When observing the power transmitted from the heat exchanger, the water and air energy increases as mass flow rate of the water increases. 
The increase of Air mass as water flow increases indicates that there is a good transfer of energy from the water to the air as it gains in energy from the water. 
At 0.2kg/s the Air mass peaks sharply suggesting an error within the results (See conclusions for list of potential errors) The error would most likely be a human error such as the valve being left open too wide.  



[image: ]

When observing the temperature efficiency’s within the heat exchanger, as the air’s mass flow rate decreases the temperature efficiency also decreases.  Water increases its efficiency percentage when the mass flow is decreased this is because there is a larger temperature change in water than the air within the heat exchanger. 
 The mean result taken is the best result to find the efficiency as it takes into account both Air and water, which can give you an overall efficiency of the heat exchanger.
At a lower flow rate the water has a larger percentage of efficiency as it has more time for the energy to be transferred.
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The results taken for the heat transfer coefficient have encountered an error when gathering the data.  You would expect the Heat transfer to steadily increase and then level off when the water reached a maximum point in which it could not transfer any more energy. This would be similar to the power graphs taken for experiment 1 as at the same point power could not be increased past a certain flow rate. 










[bookmark: _Toc5394970]Experiment 2 – The Effects of Varying Air Flow Rate 
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As the mass flow rate of the air increases the heat energy of the water also increases. This is due to more energy being transferred away from the surface area of the heat exchanger into the surrounding air.








The graph above shows that as mass air flow increases the waters efficiency increases while Air efficiency decreases. The overall percentage of the heat exchanger increases but does not have a sharp gradient.
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The results show a mostly linear increase in Heat transfer coefficient which means the more heat is transferred away from the heat exchanger as the flow rate is increased. 

[bookmark: _Toc5394971]Experiment 3 - Effect of Varying Temperature (Driving Force) 
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When you compare the heat energy emitted from the water and the air inside the heat exchanger, you can see that the water at 60 degrees transfers more energy than at 45 degrees.
At the end of the 45 degree plot it starts to level out this means it has reached its energy transfer limit at 0.115 kg/s and 262watts of energy. 

[image: ]
The graph above shows the Temperature efficiency of the heat exchanger, as mass flow rate increases the water efficiency percentage also increases as it can transfer and remove more heat from the tubes. However, it levels off at 62% efficiency as the mass flow rate is becoming too great. The airs temperature efficiency decreases as mass flow rate increases because it cannot transfer energy fast enough.
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As the mass flow rate increases the Heat transfer also increases linearly until it reaches 0.115 kg/s this is where the heat energy at the given temperature cannot increase in transferring energy anymore. 


[bookmark: _Toc5394972]Conclusion

The results within the experiment performed largely very well, they produced data that is in line with what you would expect from a heat exchanger system. 
By varying the air flow mass or water flow rate this will increase the efficiency of the heat exchangers output.   
All of the initial predictions were correct in relation to the results the experiments gave, the prediction for experiment 1 was if you reduce flow rate a reduction of power output would occur.
  For experiment 2 a varied air flow rate while water flow rate stayed the same would lead to change in the power output. 
Experiment 3 prediction was that a higher temperature lead to an increase in power when compared between 45 and 60 degrees. 


[bookmark: _Toc5394973]Errors within the experiment 


There was a number of potential errors within the testing procedure which could have been more controlled this would have led to a better set of results and more accurate data given. One of the potential errors which could have caused issues would have been if any of the connections in the pipe work would have been lose causing any pressure losses this would have made regulating the air pressure very difficult. 
A human error which would have occurred is by not allowing the correct amount of time for the temperatures and pressure to stabilise if different lengths of time was given for each pressure observed then it’s not conducting a fair test across the experiment.
Having the tolerance of +/- 5pa is too wide as this can lead to incorrect errors having it nearer 2ps would reduce the risk of inaccuracy’s by over half.
The way the air flow is draw into the heat exchanger by the use of a fan and a reducing diameter tube for flowing in is a very crude design which as the flow is not a continuous pipe could have gaps inside it and lead to air escaping without going over the tubes. 
The test was not taken at room temperature (23.5 degrees) this would have affected the cooling process of the water and lengthen the time in which needed for a stabilisation period. 

[bookmark: _Toc5394974]Positives 

The test was undertaken using a set of guidelines and had time frames and an order in                          which to do the experiment. 

The results gathered show clearly how different variables affect a heat exchanger.

[bookmark: _Toc5394975]Negatives 

Very easy to make a mistake in handling the data or set the air flow rate/ water flow rate incorrectly.

Number of errors in the results due to human error and inaccurate equipment 	 
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[bookmark: _GoBack]With more time it would be good practice to undertake the other experiments that are available and compare the results to the experiments that was tested, would also be insightful to test other heat exchangers and compare their thermal efficiency percentage to other types. E.g cross flow compared with counter flow.
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