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The aim of these experiments is to see how different water and air flow rates along with temperature changes affect the performance of a standard 32 tube heat exchanger in a parallel flow configuration.

[bookmark: _Toc38822682]Methodology
The procedure for setting up experiment 1 is as follows:
· Connect and set up the standard 32 tube heat exchanger. Connect as for parallel flow and set a heater tank temperature of 60°C. Water enters the bottom of the heat exchanger and exits from the top. 
· Note the ambient air pressure. Inspect the orifice and check its diameter - this is stamped on the surface of the orifice. 
· Switch on the fan and use the slide valve to set the airflow to give an orifice pressure drop of 250 Pa (+/- 5 Pa tolerance). 
· Switch on the pump and use the hand operated water supply valve to set the water flow to 2.25 L/minute (+/- 0.01 L/minute). 
· Allow at least five minutes for the heat exchanger temperatures to stabilize, then record all readings.
· Repeat the procedure for lower water flow rates of 1.75, 1.25, 0.75 and 0.25 L/min.
1. These instructions were followed very closely with the only exception being the maximum water flow value was set to 2L/min instead of 2.25L/min because above 2l/min the results can become inaccurate with a lot of variability being introduced.
1. 
1. 
1. 
1. 
1. 
1. 
1. A similar process was carried out for experiment 2, but this required the air flow rate to be the varying factor instead of the water flow rate.
1. The instructions were as follows:
· Check connections are set for parallel flow and set a heater tank temperature of 60°C. Water enters the bottom of the heat exchanger and exits from the top. 
· Note the ambient air pressure. Inspect the orifice and check its diameter - this is stamped on the surface of the orifice. 
· Switch on the fan and use the slide valve to set the airflow to give an orifice pressure drop of 250 Pa (+/- 5 Pa). 
· Switch on the pump and use the hand operated water supply valve to set the flow to 0.25 L/minute (+/- 0.01 L/minute). 
· Allow at least five minutes for the heat exchanger temperatures to stabilize, then record all readings.
· Repeat the procedure for lower air flow rates of 200, 150, 100 and 50 Pa pressure drop
1. Experiment 3 was almost identical to experiment 2 with the exception of the heater tank temperature being set to 45 degrees Celsius as apposed to 60 degrees Celsius.
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Figure 1 Excel Spreadsheet results Experiment 1

Figure 1 and 2 show the results obtained from the experiment in excel, there are also parameters that were calculated from recorded results using equations within excel. From this data multiple graphs could be created looking at particular trends.
[image: ]Figure 3 Graph from excel data

Figure 3 shows how the water and air power change as the water mass flow rate changes. Note the values for water mass flow rate are largest on the left and smallest on the right. The heat energy results show that power transfer improves with increased water flow up to a point. The gradient is not linear and begins to fall at around 0.03kg.s^-1. The values for the air and water power are similar showing a good energy balance coefficient.
[image: ]Figure 4 shows how the air, water and mean values for temperature efficiency change with Mass flow rate of water. Again note the horizontal axis is showing largest values on the left and smallest on the right. These results show that the water temperature efficiency decreases with higher water flow rates whereas the air temperature efficiency increases as water flow does. The change in water temperature efficiency is much larger than the change in air temperature efficiency over the whole range of water flow rates. This is to be expected as the water temperature has higher changes than the air temperature. The mean temperature efficiency is therefore a gradual decrease as the water flow increases. At lower water flow rates, the heat exchanger produces a higher temperature drop for a given amount of emitted power, this is shown by the water temperature efficiency being largest at low water flow rates. Although I would have expected the peak water temperature efficiency to be much higher ate around 60% as opposed to 30%.Figure 4 Graph of temp efficiency with water mass flow rate


[image: ]Figure 5 shows the heat transfer coefficient against water mass flow rate. Note the largest flow rates are on the left and smallest on the right. The graph shows the heat transfer coefficient increases as the water flow rate does at a fairly constant rate. I would predict at higher water flow rates the gradient would gradually level out as there Is an optimum flow rate at which you get peak performance from the heat exchanger and any more water flow rate will not have any affect. This will be confirmed by the trend shown in figure 3 where the water and air power begin to level off at a certain water flow rate.Figure 5 Graph of heat transfer coefficient against water mass flow rate
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Figure 6 Excel spreadsheet of results from experiment 2





[image: ]Figure 8 Graph of Water and air power against Mass flow rate of air

Figure 8 shows how the water and Air power change with Mass flow rate of air. Again note the horizontal axis shows largest values on the left and smallest on the right. The results shown in this graph shows with increased air flow rate the water and air power both increase with the air power having the largest change over the range of air flow values.  At lower air flow rates the heat emitted by the water is slightly more that what is absorbed by the air suggesting there are more energy losses as lower air flow rates. As the flow rates of air become larger these losses are significantly reduced the values for both air and water power become very similar. It appears that the water power tails off at the top end of air flow values but the air power continues to increase at a similar rate all throughout the range of values for mass air flow rate. To confirm whether the trend will continue further testing could be done to add more steps and increase the mass flow rate of air even more.


[image: ]Figure 9 shows how the water, air and mean temperature efficiencies differ as the air mass flow rate changes. Note largest air flow values are on the left and smallest on the right. This graph shows the mean temperature efficiency increases gradually with increased air flow rates. The water temperature efficiency increases by around 15% whereas the air temperature efficiency decreases by around 7-8%. The change in efficiencies is similar through the range of air flow rates for both air and water power values.Figure 9 graph of air, water and mean temperature efficiency against mass flow rate of air
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Figure 10 shows the increase in heat transfer coefficient as mass air flow rate increases. The trend is almost linear and shows that the performance of the heat exchanger is very dependent on the mass flow rate of air.


Figure 10 Graph of heat transfer coefficient against mass flow rate of air
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Figure 11 Excel data of results from experiment 3

[image: ]Figure 13 shows how the mass flow rate of air effects the heat absorbed by the air and heat dissipated by the water. Note the horizontal axis shows smallest values on the right and largest on the left. The graph shows that both air and water power increase as the flow rate of air does. These trends are fairly linear just like at 60 degrees which suggest that at the lower driving force of 45 degrees the heat exchanger is still performing well. The overall power of the air and water is lower than at 60 degrees but that is to be expected as the energy being put though the heat exchanger is less.Figure 13 graph of air and water power against mass flow rate of air at 45 degrees celcius





[image: ]Figure 14 shows the difference between water power for a given mass flow rate of air at different temperatures. Note now the horizontal axis shows the smallest value on the left and largest on the right. This graph clearly shows the expected trend of water power being lower at 45 degrees than at 60 degrees simply because there is less energy in the heat exchanger at 45 degrees. The changes in power thought he range of air flow rates is almost identical showing that the performance of the heat exchanger was not affected by the change in temperature. Figure 14 shows graph of water power against mass flow rate of air at 45 degrees and 60 degrees

[image: ][image: ]Figure 15 shows how the temperature efficiencies of air and water change with mass flow rate of air at 45 degrees. Note the horizontal axis shows smallest values on the left and largest on the right. These trends and values are pretty much identical to the corresponding graph at 60 degrees. The water temperature efficiency increases at the air flow rate does and the air temperature efficiency decreases as the flow rate of air increases. Meaning the mean temperature efficiency gradually increases with flow rate of air.Figure 15 graph of temperature efficiencies against mass flow rate of air

The graph in figure 16 is identical to the corresponding graph when the heater temperature is set to 60 degrees. The reason for this is the LMTD term factors in available power. So at 45 degrees there is less power but the LMTD values are very similar.Figure 16 graph of heat transfer coefficient against mass flow rate of air at 45 degrees
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[bookmark: _Toc38822688]‘’ Most commonly made out of aluminum, automobile radiators utilize a cross-flow heat exchanger design. The two working fluids are generally air and coolant (50-50 mix of water and ethylene glycol). As the air flows through the radiator, the heat is transferred from the coolant to the air. The purpose of the air is to remove heat from the coolant, which causes the coolant to exit the radiator at a lower temperature than it entered at. The benchmark for heat transfer of current radiators is 140 kW of heat at an inlet temperature of 95 °C. The basic radiator has a width of 0.5-0.6 m (20-23“), a height of 0.4-0.7 m (16-27”), and a depth of 0.025-0.038 m (1-1.5”). These dimensions vary depending on the make and model of the automobile. For current radiator designs, a common configuration is to use parallel tubes which have aluminum fins attached to them. In these designs, there are basically three modes of heat transfer: conduction between tube walls and fins, and two modes of convection. One mode of convection is due to the coolant flowing in the tubes and the second is caused by the air flowing through the radiator. ‘’
[bookmark: _Hlk38822639]         Katsuo Kurabayashi
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/57958/?sequence=1 
[bookmark: _Toc38822690]Page 6 
[bookmark: _Toc38822691]Date accessed 26/04/2020

[bookmark: _Toc38822692]This type of heat exchanger in the abstract is a similar configuration as used in these experiments. Cross Flow design with varying air flow rates while the heat exchanger used in the experiments was parallel flow with varying air flow rates.

[bookmark: _Toc38822693]Conclusion
From the data obtained from the 3 experiments carried out I have concluded that the mass flow rate of air passing though the heat exchanger plays a major role in the overall performance and efficiency of the heat exchanger. This is confirmed by the research I carried out into the type of heat exchanger used in vehicles for engine cooling. The most common design being a counter flow heat exchanger allowing for the most air flow though the radiator and maximising the performance on the heat exchanger. Although the water mass flow rate does influence the performance and efficiency of a standard 32 tube heat exchanger, these effects are much less than produced by changing of air mass flow rate. My results have shown very similar and in some cases identical patterns to what Is to be expected from the theoretical background in heat exchangers. Despite this there could be some improvements to the heat exchanger used to further increase overall efficiency and performance. One of these improvements could be the introduction of fins throughout the heat exchanger to give a larger surface area for the heat transfer to occur along thus increasing efficiency and performance.
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