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Abstract

  The main emphasis of this study is to gain a better understanding of thermodynamic processes and these governing processes surrounding heat exchangers. For this to be achieved an experiment has been carried out on the TecQuipent TD1007 Water to Air Heat Exchanger (cross flow). The three aims of the experiment are, to show how different water flow rates affect the performance of the heat exchanger for a given fixed air flow and water temperature, to show how different air flow rates affect the performance of the heat exchanger for a given fixed water flow and temperature and finally, to show how different hot water supply temperatures affect the performance of the heat exchanger for a given fixed water flow. From background research and the data collected, formula and known scientific fact were implement to create graphs to be analyse, therefore showing the outcomes of the above aims.
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Thermodynamics is a fundamental concept that governs all aspects of physics. The second law states that heat flows from a hot body to one that is cold. This can be seen to be true in most chemical, nuclear and mechanical systems. Heat exchanger use this concept to their full advantage, by transferring heat from one fluid to another, in this case the hot fluid is liquid water and the cold fluid being a gas (air at sea level).
Heat exchangers come in various shapes and sizes. Three of the common one used are parallel, counter and cross flow.

Parallel flow heat exchangers can also be described inline exchangers. This is due to the two fluids moving in the same direction as each other. Normally consisting of a tube and a shell, where one fluid flows through the tube, which is surrounded by another fluid, sealed by the outer shell. One advantage of this system is a more stable tube wall temperature. Advantageous for applications where too high or low temperatures can cause corrosion, such as preheating of furnaces.

Counter flow heat exchangers describe the interaction of two fluids moving in opposing directions. The fluids enter and exit at different ends to each other. Due to the colder fluid exits, where the hotter one enters, the colder fluid will reach temperature near that of the hotter fluid, consequently mean this temperature is greater than the one of the exiting hot fluid. Therefor making this style of heat exchanger the most efficient, of the three described in this section. This style of heat exchanger is utilized in the nuclear power plant, as away of creating steam from the nuclear fission, known as pressurized water reactors.

Cross flow heat exchangers describe two fluids that flow perpendicular to each other. One the fluids flow through tubes or veins, then the second flows around these at nighty degrees. This style of heat exchanger is advantageous in applications where one of the fluids can change state for example gas into liquid. The automotive industry has utilized this system for over a hundred years in the form of vehicle radiator, to regulate the temperature inside the internal combustion engine. Where heat generated by combustion, is transposes through the cylinder walls by conduction, convection and radiation. 

[bookmark: _Hlk5486892]The purpose of the experiment is to gain a greater understand of the various processes surrounding heat transfer. More over understanding how a heat exchanger works and in which conditions they perform with the greatest efficiency. The experiment was conducted on a TecQuipent TD1007 Water to Air Heat Exchanger (cross flow). The three aims of the experiment are, to show how different water flow rates affect the performance of the heat exchanger for a given fixed air flow and water temperature, to show how different air flow rates affect the performance of the heat exchanger for a given fixed water flow and temperature and finally, to show how different hot water supply temperatures affect the performance of the heat exchanger for a given fixed water flow.

[bookmark: _Toc5579651]Method

[bookmark: _Toc5579652]Apparatus

 (
Air
 Temperature and Flow Display
)The experiment was conducted on a TecQuipent TD1007 Water to Air Heat Exchanger. This equipment consists of a horizontal air duct, which is fed from an electrical centrifugal fan. Air passes from the orifice (diameter 0.10011m), down the duct where it is then accelerated by the fan, turning it through nighty degrees, before forcing along the horizontal duct. The air the passes through the heat exchanger (surface area 0.1558), consisting of 16 water pipes, offset to each other. Finally, the air passes through the slide valve. By adjusting the side valve, the air flow can be adjusted, therefore the air pressure within the duct.
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[bookmark: _Toc5579500]Figure 1 - TD 1007 Water to Air Heat Exchanger
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[bookmark: _Toc5579501]Figure 2 - 16 Tube Heat Exchanger 
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Aim: To show how different water flow rates affect the performance of the heat exchanger for a given fixed air flow and water temperature.

[bookmark: _Hlk5487300]Check all coupling and connections are secure.
Check the apparatus if free from any debris or forging bodies.
Make note of the ambient air pressure, orifice diameter and heat exchanger surface area.
Turn on apparatus.
Set water temperature to 60◦C.
Turn on fan. Adjusting the slide valve so that the instrumentation reads an orifice pressure drop of 250 Pa within +/- 5 Pa. 
Turn on the water pump, adjust the supply valve so that the instrumentation reads a water flow of 2.25 L/minute within +/- 0.01 L/minute. 
Before starting experiment check that all instrumentation reads, the correct allocated figures. These may drift slight through the experiment so will need to be regularly inspected.
Make note of the temperatures displayed at various water flow rates, in table supplied. 
When making adjustment for further results, wait five minutes for temperatures to stabilize.
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Figure 
3
 Showing the location of the water temperature
 controller
 and water pump supply valve
.
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Figure 
4
 Showing location of various temperature sensors
.
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Aim: To show how different air flow rates affect the performance of the heat exchanger for a given fixed water flow and temperature.
Check all coupling and connections are secure.
Check the apparatus if free from any debris or forging bodies.
Make note of the ambient air pressure, orifice diameter and heat exchanger surface area.
Turn on apparatus.
[bookmark: _Hlk5487601]Set water temperature to 60◦C.
Turn on fan. Adjusting the slide valve so that the instrumentation reads an orifice pressure drop of 250 Pa within +/- 5 Pa. 
Turn on the water pump, adjust the supply valve so that the instrumentation reads a water flow of 0.25 L/minute within +/- 0.01 L/minute. 
Before starting experiment check that all instrumentation reads, the correct allocated figures. These may drift slight through the experiment so will need to be regularly inspected.
Make note of the temperatures displayed at various water flow rates, in table supplied. 
When making adjustment for further results, wait five minutes for temperatures to stabilize.
Repeat the procedure for lower air flow rates of 200, 150, 100 and 50 Pa pressure drop.
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Aim: To show how different hot water supply temperatures affect the performance of the heat exchanger for a given fixed water flow.
Set water temperature to 45◦C.
Repeat steps outlaid in experiment two. 










[bookmark: _Toc5579657]Calculations

[image: ][image: ]
[bookmark: _Toc5579504]Figure 5 Describing notations used in calculation.













[bookmark: _Toc5579505]Figure 6 Showing an example of a results table to be populated.
To populate the above table, the following equation and charts must be used. These are proven scientific formula and data source from experiments previously carried out.
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“Note T is the temperature average of water”
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Figure 
7
 Showing How Air Density Decreases with an Increase in Temperature
. Note Air Density Reaches Its Maximum at Absolute Zero.
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Figure 
8
 Showing Specific Heat Capacity of Water at Constant Pressure
) (
Figure 
9
 Showing How Water Density Decreases with an Increase in Temperature.
)[image: ]


[bookmark: _Toc5579660]Discussion
[bookmark: _Toc5579661]Experiment One
(See Appendix)
Aim: To show how different water flow rates affect the performance of the heat exchanger for a given fixed air flow and water temperature.
From the experimental procedure carried out and the results obtained the following conclusions can be made.
[bookmark: _Hlk5558204]As water flow rate increases, so does heat energy transfer. Both air and water power, trend the in same curve pattern, slight deviation can be put down to external variables. The gradient of both curves decreases with the increase of flow, from this it can be assumed that around 0.04 Kg.S⁻1, the degree of heat transfer will reach its maximum.
The effect on the temperature efficacy can be seen to be highly effect by increased flow rate. As flow increases the water efficacy dramatically decreases, while the air efficiency increase. This was expected at lower flow due to water within the pipe at a given point having a greater amount of time to transfer its heat, along with the higher degree on temperature difference. Around 0.0275 Kg.S⁻1 the temperatures efficiency enter a state of equilibrium, due to the change in temperatures of the two systems equalling the same.
With an increase in flow little effect can we witnessed to the heat transfer coeffect. There is an anomaly within the results, but this can be put down to external variables. So, there is no effect to performance.


[bookmark: _Toc5579662]Experiment Two
(See Appendix)
Aim: To show how different air flow rates affect the performance of the heat exchanger for a given fixed water flow and temperature.
As air flow rate increases, so does heat energy transfer. Both air and water power, trend the in same linear pattern, slight deviation can be put down to external variables. At lower flow rates the heat admitted by the water is greater than what is being absorbed by the air, one reason for this is the heat isn’t just been carried away by the air, due to heat convection to occur to the surrounding boundaries. On the contrary to what was found in experiment one the linear trend of the graph leads to the assumption that if flow increased past what was measure, it would be seen that a greater amount of heat transfer would occur, this is also true for the effect on heat transfer coefficient.
The effect on temperature efficacy is not as considerable as the previous experiment. The opposite effect can be seen, as flow increases. air efficacy slightly decreases whereas water effect increases. When looking at the mean efficiency, it trends to a gradual linear pattern meaning, temperature efficiency’s progressively increase with air flow.

[bookmark: _Toc5579663]Experiment Three
(See Appendix)
Aim: To show how different hot water supply temperatures affect the performance of the heat exchanger for a given fixed water flow.
The change in hot water supply has little or no effect on temperature efficiency and heat transfer coefficient. Variations can be put down to external variables.
Compared to experiment two water power start to decrease as flow increases, it can be assumed it would reach a maximum if flow was increase beyond what was studied.  
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To further improve the validity of the results and limit anomalies the following variables would have to be improvements would have to be made.
The experiment was conducted on the 12/03/2019 at 3.00-5.00pm.
The apparatus was set up in front of large glass windows. The problem with this was earlier that day, that point in the room had intense sunlight, then later none, creating a temperature difference. This would then influence varying air currents within the room, along with air pressure and density. The door to the room was also opened serval times amplifying this affect. This would have affected the thermal inertia of the equipment.
There were also around ten people at any given time. 100 watts per person, meaning an increase on 1Kw of heat. These people would also create humidity effecting the quality of air, therefore effecting the gas constant, in the ideal gas equation.
Human errors occurred due to, multiple people conducting the experiment, changing roles as time went on. Poor time keeping, leading to results been recorded at various intervals, to the ones stated.
The slide valve also did not move in a uniform fashion. Meaning the outlet duct had an un even opening. Creating all kinds of different back pressures and turbulence, upon the exiting volume of air.

[bookmark: _Toc5579666]Improvements

To further improve this experiment in the future. It would have to be conducted in a sealed room, with a heating system or air conditioning to keep it at a constant temperature, humidity and density. With no glass and out of direct sunlight.
Only two people to conduct the experiment. One to operate the equipment and one to note the findings. Limiting human error, while keeping the results concise.
One major improvement would to make all the equipment automated. In the sense that a program would be set to run. At set times it would make note of the temperatures and adjust the valves for adjusting the flow.
Insulating all the ducts and piping leading up to the heat exchanger, to limit losses from the heater.






[bookmark: _Toc5579667]Conclusion

The experiment was a success. The three aims of the experiment , to show how different water flow rates affect the performance of the heat exchanger for a given fixed air flow and water temperature, to show how different air flow rates affect the performance of the heat exchanger for a given fixed water flow and temperature and finally, to show how different hot water supply temperatures affect the performance of the heat exchanger for a given fixed water flow, were all completed. The most surprising finding was how temperature effected the power within the system. A more in-depth understanding of thermodynamic process was obtained. Which will be take forward into future investigations. If the improvements stated were implemented a more accurate understanding would be achieved.
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Appendices  
[bookmark: _Toc5579669]Experiment One.
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