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1) [bookmark: _Toc5455188]Introduction
This report is an analysis on how different variable can affect the performance of a heat exchanger system. The report will also provide a brief summary of what a heat exchanger’s purpose is, and how they can be used in the automotive field. 
An experiment will be carried out using a TecQuipment TD1007 water to air heat exchanger (TecQuipment, 2014), which will be detailed, and results taken for three separate experiment variations, changing water flow rate, air flow rate, and water temperature. The result will then be analysed, and conclusions will be made on how adjusting different variables affects the performance of the system. 


[bookmark: _Toc5455189]Equations
From the recorded data in each experiment, the water temperature difference was found with equation:                                                                                                                         (1)

The average temperature found with the equation:                                                               (2)

Water density was calculated with equation:                                                                         (3)

While the following equation was used to calculate air density for each temperature:          (4)

The water flow was then converted to mass flow with equation:                                           (5)

Air mass flow rate was then calculated using equation:                                                        (6) 

Specific heat capacity for the water was then found with equation:                                      (7)
[image: ]
Heat emitted equation:                                                                                                          (8)
[image: ]


Heat absorbed equation:                                                                                                       (9)
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Mean temperature efficiency equation:                                                                               (10)
[image: ]
This was then used to find the logarithmic mean temperature difference:                         (11)
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Giving the author the ability to calculate the heat transfer coefficient using equation         (12)
[image: ]



2) [bookmark: _Toc5455190]Background Research
What are heat exchangers? How do they work? And different examples.
Heat exchangers are devices used in multiple fields of industry such as automotive. Aerospace, food industries, electrical, etc. A heat exchangers purpose is to transfer heat energy between two or more fluids at different temperatures. This can be for a number of reasons depending on the application – heat recovery, cooling, heat transferal. (Kakac & Lui, 2002) 
Multiple variations of heat exchangers have been designed over the years with each variation depending on the application it is to be used for. The most common within the automotive industry is the radiator found on any internal combustion engine vehicle. The purpose of which is to dissipate heat absorbed in the coolant from the cooling jacket of the engine, allowing the coolant to pass back through the rest of the system at a lower temperature ready to absorb engine heat once again. This is done by passing the coolant through the thin aluminium tubes in the radiator while air, which is at a cooler temperature, is passed over the thin tubes, allowing the water to transfer its heat to the air as seen in figure 1 (Nice, Unknown)
An intercooler is another similar type of heat exchanger that can be found on cars with turbo engines. Intercoolers use the same method of passing cooler air over the intercooler core which contains hot turbocharged air, in order to cool and condense the air which gives it a higher oxygen content leading to better performance from the engine. The ideal gas equation  states that as pressure increases so does temperature, a hotter gas has less density, therefore less molecules per m3. Decreasing the temperature helps condense more molecules into the same volume leading to better performance from a turbocharged engine. (Turbosmart, 2012)
[image: Radiator Core]
Figure 1 - close up cutaway drawing of a multicore radiator, the tubes allow the hot coolant to flow through, while cold air passes over drawing out heat through the thin aluminium tubing. (Unique cars and parts, 2001)

3) [bookmark: _Toc5455191]Methodology
The heat exchanger experiment was conducted using the TecQuipment TD1007 (TecQuipment, 2014) water to air heat exchanger. Three experiments were conducted in total which will be detailed below.
[bookmark: _Toc5455192]3.1 Experiment one
For experiment one, a 32-tube heat exchanger was used in parallel flow configuration, with water flowing from bottom to top. The following values were then taken: 
Table 1 - Values taken at beginning of experiment one for heater tank temperature, ambient air pressure, and orifice diameter.
	Heater tank temperature
	60oc

	Ambient air pressure
	1031hPa

	Orifice diameter
	100.11mm



The fan was then switched on, and the valve on the end of the TD1007 was narrowed using the slider until a pressure drop of 250pa was observed.
[image: ]The water pump was then activated and using the water supply valve, a waterflow of 2.25 litres per minute (L/min) was set. It is worth noting that for all experiments water was flowing from bottom to top of the heat exchanger. The TD1007 was then left to settle for approximately 5 minutes while temperatures settled, and the first set of results for air temperature at Ta1 and Ta2, and water temperature at Tw1 and Tw2 were then taken.Figure 2 - diagram showing the heat exchanger experiment, detailing where temperatures for air and water were taken. the red arrow shows the flow of air through the system, and the blue shows the flow of water. (TecQuipment, 2014)


The water flow rate was then adjusted to 1.75L/min and the experiment left to settle for approximately five minutes, taking the results when stable. This was repeated for water flow values of 1.25L/min, 0.75L/min, and 0.24L/min.  The pressure, and water temperatures were carefully observed throughout the process to make sure they did not vary between each recording in order to minimize any errors. The equations above were then used to calculate the relevant data in order to obtain the necessary results.
[bookmark: _Toc5455193]3.2 Experiment two
Experiment two was conducted at a water flow rate of 0.25L/min, and water temperature of 60oc. The aim of this experiment was to observe how adjusting the air pressure in the system would affect the performance of the heat exchanger. This was done by adjusting the sliding valve at the end of the air tunnel which would build up pressure allowing less air to pass over the heat exchanger.
A new results table was created, and the equipment turned on. Water heater tank temperature was set to 60oc and flow rate to 0.25L/min, the sliding valve was set so that pressure drop was at 250 pascals and the experiment was left to settle and normalize for approximately 5 minutes. Results were then taken for temperature of water in, and temperature out, as well as air temperature before the heat exchanger, and after it was passed through.
The sliding valve was then adjusted so that pressure drop was equal to 200pa and the system left to normalize again before taking the next set of results. This was repeated for pressure drop values of 150pa, 100pa, 50pa, and 25pa. the calculations and equations mentioned in the equations section where then used to calculate the necessary values for the results data.
[bookmark: _Toc5455194]3.3 Experiment three
The purpose of experiment three was to investigate how varying the temperature of the water within the heat exchanger would affect the performance. For this experiment, water heater tank temperature was set to 45oc, and  the sliding valve reopened until pressure drop was at 250pa, again the test was left to normalize for approximately five minutes before any values were recorded. 
the valve was then moved until a pressure drop of 200pa was observed. And the experiment left to normalize for another period of five minutes before taking the values. This was again repeated for pressure drop values of 150pa, 100pa, 50pa, and 25pa, and the equations in the equations section used to calculate the final data.



4) [bookmark: _Toc5455195]Results
[bookmark: _Toc5455196]Experiment 1, graph 1

Figure 3 - graph showing water mass flow rate against power absorbed for both water and air.
The graph showing power transfer for water shows that as the water mass flow rate increases, the amount of power that is transferred also increases. The graph also shows that this increase is not constant and begins to level out toward the 0.04kg/s2 water mass flow rate signifying that there is an optimum value above 0.04 kg/s2 where no more heat can be transferred.
The air value shows a similar trend, showing that it is absorbing the heat energy from the water well, meaning there is a good energy balance coefficient. The value for air at water mass flow rate 0.04 kg/s2 is higher than expected, this may be down to external conditions such as the ambient room pressure changing as there were more people inside the laboratory as the test was being conducted. These results follow the expected results shown in the Heat exchanger manual booklet, proving the calculations to be correct.
[bookmark: _Toc5455197]Graph 2

Figure 4 - Graph showing water mass flow against temperature efficiencies of water and air, including mean temperature efficiency
As shown in the above graph, the temperature efficiency of water decreases as the mass flow rate increases. Air efficiency however increases slightly, but not as significantly as the change seen in water. This is due to the air’s temperature changing less than water temperature as they both pass through the heat exchanger. This is shown by the mean temperature efficiency as a more gradual decrease as the flow increases.
The slower the water flows through the radiator, the larger the temperature drop between T1 and T2, giving the water a higher temperature efficiency, in turn lowering the temperature gradient between air and water as the water exits at T2. The temperature gradient is the cause of the exchange of heat. The reduction of power can be seen in figure 3, where as this can also be seen as the air efficiency being a lower value at slower water flows.
The graph also fits the typical outcome shown in the handbook, again proving calculations are valid.
[bookmark: _Toc5455198]Graph 3

Figure 5 - Graph showing the heat transfer coefficient for each water mass flow rate for experiment 1
The heat transfer coefficient graph increases as water mass flow rate but begins to level off as water flow rate gets higher, thus proving that an optimum mass flow rate is achievable and increasing flow rate past this point will not improve the heat exchangers performance.
This fits the results shown in figure 3 which also show signs of an optimum flow rate. Again, these results are similar to the typical results shown in the handbook validating the experiments data.

[bookmark: _Toc5455199]Experiment 2 graph 1

Figure 6 - Graph showing mass air flow rate against power output for water and air
The graph in figure 6 shows us that as the air flow through the heat exchanger increases, the amount of energy transferred also increases for both water and air. The water transfers more heat than the air initially absorbs meaning that losses are higher during a low flow rate, this could be due to losses through the body of the heat exchanger, thus increasing the energy balance coefficient. Both air and water trends are linear trends which do not appear to decrease like the trend shown in figure 3, this hints that increasing the air flow will continue to increase the heat exchangers performance, which can be seen after the two lines cross, showing that the air is absorbing more power than the water is losing via external losses.
[bookmark: _Toc5455200]Graph 2

Figure 7 - Graph showing air mass flow against temperature efficiencies for water and air, including mean temperature efficiency
This graph shows that as the air efficiency decreases by around 6%, whilst the water efficiency increases by a larger amount of approximately 15% as the air flow increases. This gives an increase in mean efficiency as air flow increases.
[bookmark: _Toc5455201]Graph 3

Figure 8 - Graph showing the heat transfer coefficient against air mass flow rate
The results shown for the heat transfer coefficient for experiment two show a more linear increase which shows that as air flow increases, the performance of the heat exchanger is improving. As the trend seems to be linear, this suggests that there is no optimum and further increases will lead to better performance still.

[bookmark: _Toc5455202]Experiment 3 graph 1 

Figure 9 - Graph showing power output for water and air against mass air flow rate.
The above graph for experiment three shows similar trends and patterns for both water and air heat transfers as in figure 6 for experiment two, with the water initially transferring more heat than the air is absorbing. Again both are linear trends  showing that a further increase in air flow will increase the heat exchangers performance. The effect of the change in temperature of water to 45oc on the system is that this happens at a much lower rate of watts in comparison.
[bookmark: _Toc5455203]Graph 2 

Figure 10 - Graph showing temperature efficiencies for water and air, including mean temperature efficiency against mass air flow rate.
figure 10 again shows us a very similar set of trends like the ones shows in figure 7. With the air temperature efficiency dropping around 6% as air flow increases, whereas the water increases by around 15%, meaning that the mean temperature efficiency increases overall as air flow increases. 
[bookmark: _Toc5455204]Graph 3

Figure 11 - Graph showing air mass flow rate against heat transfer coefficient
The heat transfer coefficient graph for experiment 3 shows a reasonably linear trend, much like the graph in figure 8. The increase in air flow increases the amount of heat transferred, therefor adding to the performance of the heat exchanger. The discrepancies at the higher flow rates may be due to atmospheric pressure changes in the room due to multiple people being present.
The change in water temperature has little to no effect on the heat transfer coefficient due to it accommodating for starting temperature via the lower mean temperature difference, which factors in the lower power available at lower temperatures.

5) [bookmark: _Toc5455205]Discussion & Conclusion
The experiment performed has taught the author that heat transfer is a topic with many complexities, designers of heat exchangers need to consider the resistance to the flow of water, how to direct heat away from the heat exchanger once it has been transferred, and how much air flow rate is available to transfer the heat energy. These factors need to be considered in order to control and optimise the temperature gradient through the heat exchanger.
The author has conducted three experiments, changes have been made to the mass flow rate of water for experiment one, the air pressure in experiment two, which controls how much air passes over the heat exchanger, and in experiment three changers were made to the temperature of the water entering the system.
From the results obtained, it can be seen that the most effective way to transfer heat energy via a heat exchanger is to allow for the mass air flow rate to be increased as much as possible, whilst having a mass water flow rate of around 0.04 kg/s. 
 

6) [bookmark: _Toc5455206]Recommend Further Work
If further work was to be carried out, changes such as the number of pipes within the heat exchanger could be made, increasing the overall surface area of the heat exchanger, and finding out if this causes the heat transfer from water to air to increase or decrease significantly. Fins could also be applied to the pipe work to increase surface area, and a study to find if this obtains similar results without the extra pipework could be carried out. 
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Graph showing water mass flow rate vs power absorbed for water and air
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Graph showing water mass flow vs temperature efficiencies of water and air, including mean temperature efficiency
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Graph showing  the heat transfer coefficient
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Air mass flow rate vs power output
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Air mass flow vs temp efficiencies
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Air mass flow rate vs Heat tranfer coefficient
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Air mass flow rate vs power output
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Air mass flow vs temp efficiencies
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Air mass flow rate vs Heat tranfer coefficient
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