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1. [bookmark: _Toc5359396]Aims
The aim of these experiments is to: 
For the first experiment, measure how different water flow rates affect the performance of a 32 tube heat exchanger for a fixed air flow and water temperature
For the second experiment, the aim is to measure how different air flow rates affect the performance of the heat exchanger for a fixed water flow rate and water temperature.
For the third experiment, the aim is to measure how changing the temperature of the hot water supply affects the performance of the heat exchanger for a given water flow rate and the same range of air flow rates as the second experiment.
2. [bookmark: _Toc5359397]Outcomes
The outcome for this series of experiments is to use the data collected and relate it back to the theory learned within lab sessions and prior knowledge while discussing the limitations of the experimental procedure. 

[bookmark: _Toc5359398]Background Research
A heat exchanger is any device that allows heat energy to flow from one fluid to another type of fluid without the two coming into direct contact (Woodford, 2009). These are often used in refrigerators to remove heat from a compartment and pump it out in a fluid to somewhere where the heat can be safely exhausted.
The type of heat exchanger being used in these experiments is an air-cooled tube heat exchanger where the fluid being cooled is fed through a bundle of tubes with an air flow routed through them in order to remove the heat energy from the fluid. This airflow can be caused by a number of methods, but is often created by a fan mounted perpendicular to the water flow. These are often used in applications where a supply of cooling water is not always available, for example in automotive applications (Brogan, 2011).

[bookmark: _Toc5359399]Methodology
[bookmark: _Toc5359400]Equipment used
The Heat exchanger used in all of our tests was a TecQuipment TD1007 water to air heat exchanger. This consists of a radial fan to provide air flow across the heat exchanger via forced convection. The heat exchanger in question consists of 32 tubes which the water flows through. The air passes through the bundle of tubes at 90° to the water flowing through them. The water is heated by an in-tank heater to the required temperature, or a maximum of 60°C.
To log the results, a laptop running a spreadsheet software package was used.
[bookmark: _Toc5359401]Experiment 1 – Measuring the effect of varying water flow rate
First, the heat exchanger was set up for parallel flow with the input going from the bottom to the top. The water tank temperature was set at 60° Celsius and the fan was then switched on. The slide valve was then set to a position that would give an airflow that would give an orifice pressure drop of 250 Pascals. The water pump was then turned on and adjusted to give a water flow rate of 2.25 Litres per minute. Once these steps had been carried out, the system was allowed to thermally equilibrate for four minutes before the first reading was taken and noted. The water supply valve was then adjusted to give a water flow rate of 1.75 Litres per minute and the system was again allowed to thermally equilibrate for a further four minutes before a reading was taken. This procedure was then repeated for flow rates of 1.25, 0.75 and 0.25 L/min.
[bookmark: _Toc5359402]Experiment 2 – Measuring the effect of varying the air flow rate
First, the heat exchanger was set up the same as the final reading of experiment 1, with the orifice pressure drop set to 250 Pascals using the slide valve. The water temperature in the tank was set to 60°C as before. The pump was then switched on and the water flow rate was set to 0.25 L/min using the water supply valve. This is where the flow rate would be left as this is a control variable in this experiment. The system was then allowed to thermally equilibrate for four minutes at the set values. Once this had been done, the first reading was taken and noted down. The slide valve was then adjusted to give an orifice pressure drop of 200 Pascals and the system left again to thermally equilibrate for a further four minutes. This procedure was then repeated for pressure drops of 150, 100 and 50 Pascals. 
[bookmark: _Toc5359403]Experiment 3 – Measuring the effect of varying the water temperature
Firstly, the heat exchanger was set up in the same manner as the previous two experiments. In this experiment the effect of changing the water temperature is being measured, so the tank temperature was lowered to 45°C. To help bring the tank temperature down quickly, the slide valve was used to increase the air flow through the heat exchanger with and the water supply valve was opened to allow the maximum throughput of water through the heat exchanger. Once the water tank had reached its target temperature of 45°C, the water supply valve was set to give a flow rate of 0.25L/min and the slide valve was again set to give an orifice pressure drop of 250 Pascals. The system was then allowed to thermally equilibrate for four minutes before a first reading was taken. The slide valve was then adjusted, allowed to thermally equilibrate and readings taken with the same pressure drops as experiment 2. 
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[bookmark: _Toc5359405]Experiment 1 – Measuring the effect of varying the water flow rate

Figure 1 – A graph of the change in transfer rate of heat energy as the mass flow rate of the water changes. The Change in heat transfer rate of the water is plotted on the right-hand-side Y axis

Figure 2 – A graph of the efficiency of the air flow, water flow and mean efficiency of the two as the mass flow rate of the water changes

Figure 3 – A graph of the change in overall heat transfer coefficient as the mass flow rate of the water changes 
From figure 1, the change in the heat transfer rate of the water can be seen. The heat transfer rate of the water is plotted on the Right Y axis to allow for comparison of the trend in the change in heat transfer rate. From the trend, it can be seen that the as the water flow rate is reduced, the heat transfer rate for both the air and the water drops considerably, with the heat transfer rate of the air being 41% lower at the lowest water flow rate setting.
From Figure 2, the efficiency of the air and water, along with the mean efficiency of the two are plotted. As can be seen, as the water flow rate is reduced, the efficiency of the air drops off by 6% between the highest and lowest water flow rate. On the contrary to this, the efficiency of the water increases by 50% in the same range, with the total efficiency of the system increasing by 22%.
From figure 3, the overall heat transfer coefficient of the system can be seen. As the mass flow rate of the water in the system drops off, so does the heat transfer coefficient. This reduces by 1% between the first two readings but then drops off by 13% between the first and last readings, meaning that the whole heat exchanger setup is less effective at this lower water flow rate.
[bookmark: _Toc5359406]Experiment 2 – Measuring the effect of varying the air flow rate

Figure 4 – A graph of energy transfer as the air flow rate changes at 60°C water temperature – Note the Qw value is plotted on the Right Y axis

Figure 5 – A graph of the efficiency of the air and water and the mean efficiency of the two as the air flow rate changes at 60°C water temperature

Figure 6 – A graph of the change in overall heat transfer coefficient as the air flow rate changes at 60°C water temperature
From Figure 4, the change in energy transfer as the air flow rate changes with the water temperature at 60°C water temperature can be seen. The energy transfer for the water is plotted on the right Y axis to enable comparison of the trend in energy transfer. As can be seen, the transfer of the air drops considerably, with a 37% drop in the amount of heat energy transferred by the air as the air flow rate is reduced. A similar trend can be seen in the water, with a smaller drop of 21% less heat energy transferred.
From Figure 5, the efficiency of the heat exchanger can be seen for the air and water circuits, as well as the mean efficiency of the whole system. As the mass flow rate of the air drops off, it can be seen that the efficiency of the air increases by 30% of its starting value. The opposite can be said for the water circuit and the mean efficiency, with the water’s efficiency dropping off by 17% and the mean efficiency seeing a 9% drop.
From figure 6, we can see the change in the heat transfer coefficient for the system at 60°C water temp as the mass flow rate of the air is reduced. It can be noted that as the mass flow rate of the air decreases, the overall heat transfer coefficient also decreases. Between the first two readings the coefficient sees a small drop of 4%, increasing to a drop of 26% between the first and last readings.
[bookmark: _Toc5359407]Experiment 3 – Measuring the effect of varying the water temperature

Figure 7 - A graph of energy transfer as the air flow rate changes at 45°C water temperature – Note the Qw value is plotted on the Right Y axis

Figure 8 - A graph of the efficiency of the air and water and the mean efficiency of the two as the air flow rate changes at 60°C water temperature

Figure 9 - A graph of the change in overall heat transfer coefficient as the air flow rate changes at 60°C water temperature
From Figure 7, the energy transfer rate as the air flows through the heat exchanger can be seen. The energy transfer rate for the water has once again been plotted on the right hand side Y axis to allow for comparison of the trends seen. As can be seen, the energy transferred by the air drops considerably, with a 44% drop in heat transfer over all the data points. A similar trend can be seen in the heat transferred by the water, with a 27% drop in the heat transfer across the data range, leading to a positive correlation between the air flow rate and the amount of heat transfer that can take place.
From Figure 8, the efficiency of the heat exchanger as the air flow rate decreases can be seen. For the air, the efficiency can be noted to increase, with an increase of 27% over the course of the measurements taken. Conversely, the water has been noted to have a reduction in efficiency of 20% over the course of the measurements taken. This in turn means that the mean efficiency sees a drop of 13% over the course of the measurements taken as the air flow rate drops. 
From Figure 9, the overall heat transfer coefficient as the mass flow rate of the air reduces can be seen with the water temperature at 45°C. It can be noted that over the course of these measurements, the overall heat transfer coefficient drops by 3% between the first two measurements, but reduces at a faster rate, leading to a 29% drop in the coefficient as the air flow rate is reduced. 

[bookmark: _Toc5359408]Discussion & Conclusion
1. [bookmark: _Toc5359409]Conclusions
For experiment 1, it can be concluded that reducing the flow rate of the water increases the efficiency of the heat exchanger despite the actual heat transfer rate being greatly reduced. A hypothesis as to why this occurs would be that the water spends an increased amount of time within the heat exchanger, thus allowing it more time to allow the airflow to transfer heat energy into it. However, as the heat transfer coefficient is reduced with the slower flow, the physical performance of the heat exchanger is reduced, but this drop in coefficient is at most 12.4% from what has been tested, meaning that the drop in performance is outweighed by the increase in efficiency.
 For experiment 2, it can be concluded that reducing the mass flow rate of the air reduces the efficiency of the whole system in line with the reduction in energy transfer as the air flow is reduced. It can be hypothesized that this is caused by the air having a reduced velocity flowing through the heat exchanger, causing the air to spend a longer time within the system rather than being vented to an area outside the system. This is backed up by the efficiency of the air increasing slowly as the mass flow rate of the air is reduced from the results. From the changes to the heat transfer coefficient, it can be noted that the overall performance of the heat exchanger is also reduced in line with the reduction in mean efficiency.
For experiment 3, it can be concluded that the reduction in water temperature doesn’t change the overall efficiency of the heat exchanger, with the drop between the first two points being close enough to that of experiment 2 that it can be considered within a margin of error. The changes to the heat transfer coefficient are also close enough that they can also be considered within a margin of error. 
Some limitations of the experimental method used is that there was only one set of results obtained, which can lead to errors within the calculations. To mitigate this, the experiment could be run multiple times to gather a range of data for each setting and thus reduce the effect of any anomalous data that may have been recorded. This however may have been caused by the limited timeframe in which the experiments were undertaken, which may have lead to issues with rushing to gather all the data sequentially within the given timeframe.
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Change in the overall heat transfer coefficient as the water flow rate changes

U	3.8109756097560974E-8	2.9640921409214093E-8	2.1150592216582064E-8	1.2677484787018256E-8	4.2130097741826757E-9	1.3856363953558233E-7	1.3807336211184833E-7	1.3302878727293216E-7	1.2907405118452367E-7	1.2153133994725446E-7	Water mass flow (kg/s)


Overall heat transfer coefficient (U)



Energy Transfer as the Air flow rate changes at 60°C water temperature

Qa	0.11447218959427989	0.10238703898642157	8.8669776780508788E-2	7.2398569572910104E-2	5.1193519493210785E-2	402.65592689787951	360.14640963473789	320.80725239188092	291.04224968309865	252.10248674431662	Qw	0.38838687999999993	0.36411269999999996	0.34850787	0.3346369099999999	0.30689499000000003	Air mass flow


Energy transfer rate (W)





Efficiency of the heat exchanger as the air flow rate changes at 60°C water temperature

Mean efficiency	0.11447218959427989	0.10238703898642157	8.8669776780508788E-2	7.2398569572910104E-2	5.1193519493210785E-2	0.35576923076923078	0.35	0.34149855907780979	0.33381088825214894	0.32011331444759206	Efficiency (water)	0.61538461538461542	0.6	0.57925072046109505	0.55300859598853858	0.50141643059490082	Efficiency (air)	9.6153846153846159E-2	0.1	0.10374639769452453	0.11461318051575932	0.13881019830028332	Mass flow rate (air)


Efficiency




Changes to the heat transfer coefficient as the air flow rate changes at 60°C water temperature

0.119656438	0.114846818	0.108432135	0.101537804	0.089101329	0.11447218959427989	0.10238703898642157	8.8669776780508788E-2	7.2398569572910104E-2	5.1193519493210785E-2	0.11965643793646409	0.11484681787474477	0.10843213460358754	0.10153780375286824	8.9101329197582874E-2	Mass flow rate (air)


Overall heat transfer coefficient



Energy transfer as the Air flow rate changes at 45°C water temperature

Qa	0.11447218959427989	0.10238703898642157	8.8669776780508788E-2	7.2398569572910104E-2	5.1193519493210785E-2	310.62028646407839	267.53733287151971	231.69412672746958	211.00563102024643	174.92825610830118	Qw	0.29142960000000001	0.26887849999999996	0.2567355999999999	0.2359192	0.21336809999999992	Air mass flow


Energy transfer rate (W)





Efficiency of the heat exchanger as the air flow rate changes at 45°C water temperature

Mean efficiency	0.11447218959427989	0.10238703898642157	8.8669776780508788E-2	7.2398569572910104E-2	5.1193519493210785E-2	0.35977859778597793	0.35490196078431374	0.34661354581673304	0.33132530120481923	0.31526104417670675	Efficiency (water)	0.61992619926199277	0.60784313725490191	0.58964143426294813	0.54618473895582331	0.49397590361445776	Efficiency (air)	9.9630996309963069E-2	0.10196078431372554	0.10358565737051799	0.1164658634538152	0.13654618473895577	Mass flow rate (air)


Efficiency




Changes to the heat transfer coefficient as the air flow rate changes at 45°C water temperature

0.121957593	0.11796398	0.111907022	0.099723157	0.086851101	0.11447218959427989	0.10238703898642157	8.8669776780508788E-2	7.2398569572910104E-2	5.1193519493210785E-2	0.1219575925924537	0.11796397987353899	0.11190702209467757	9.972315666626258E-2	8.6851100983423926E-2	Mass flow rate (air)


Overall heat transfer coefficient



Heat transfer as the water flow rate changes

Air	3.8109756097560974E-8	2.9640921409214093E-8	2.1150592216582064E-8	1.2677484787018256E-8	4.2130097741826757E-9	678.76284819928242	644.24948303660699	609.7361178739319	540.70938754858105	402.65592689787951	Water	3.8109756097560974E-8	2.9640921409214093E-8	2.1150592216582064E-8	1.2677484787018256E-8	4.2130097741826757E-9	7.1735899390243897E-7	6.9433265582655745E-7	6.368527918781729E-7	5.6714883367139976E-7	3.9447253117627225E-7	Water flow rate (Kg/s)


Heat transfer rate





Efficiency of the heat exchanger as the water flow rate changes

Air eff	3.8109756097560974E-8	2.9640921409214093E-8	2.1150592216582064E-8	1.2677484787018256E-8	4.2130097741826757E-9	15.245478036175708	14.659685863874342	14.171122994652407	12.841530054644807	9.6153846153846168	water eff	11.627906976744187	14.659685863874333	19.251336898395728	29.234972677595632	61.53846153846154	Mean eff	13.436692506459949	14.659685863874337	16.711229946524067	21.038251366120221	35.57692307692308	Water flow rate (Kg/s)


Efficiency (%)
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