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1.0 [bookmark: _Toc4241737]Introduction
This report will detail a thorough investigation into the efficiency and performance of a water to air parallel heat exchanger. The heat exchanger model used in the investigation is TD1007 bench-top heat exchanger produced by TecQuiptment LTD. The heat exchanger will be setup with the standard 32 pipe exchange, flowing in a parallel format with the air.
The investigation will cover three separate experiments, and will include an in depth analysis of the heat exchanger in question, alongside any potential further experiments, and a discussion based on the validity and accuracy of any results obtained. 
[bookmark: _Toc4241738]Aims
The main aim of this investigation is to successfully carry out an experiment into parallel heat exchangers. The measured data will then be used to further calculate necessary values, which can further be plotted to help identify trends and discrepancies within the results.
[bookmark: _Toc4241739]Objectives
The first major objective of the investigation is to successfully carry out the three experiments needed, and collects all the available raw data that will be required for the experiment.
Secondly, this data then needs to be inputted into three separate spreadsheets, where by a series of calculations can be performed to generate the required data needed for graphical analysis. The required data for graphing is:
· Air/Water power
· Percentage efficiencies
· Heat Transfer Coefficient 
Finally the graphs will be used to fully analyse the experiment as a whole, the choice of heat exchanger, the validity and accuracy of the experiment, and then to further conclude and suggestions for further work be given.



[bookmark: _Toc4241740]2.0 Background Research
The Function of a Heat Exchanger
The main function of a heat exchanger is “to refrigerate” as explained by  “to extract heat from its surroundings, and to produce and maintain, heat at temperatures below that of its surroundings”. In this sense the surrounding boundary of a heat exchanger would be the pipe work carrying the heated liquid, and the forced air would be considered the ‘refrigerant’. Therefore, through conduction, the air removes heat through the boundary, cooling the heated liquid, extracting it through the air.
Types of Heat exchangers
There are 3 main types of heat exchangers, as well as 3 classifications these are:
Double pipe – Double pipe exchangers comprise of one pipe, with a second pipe encircling the first. The inner tube contains the hot liquid, and the outer tube contains the coolant. Double pipe exchangers are cheap and simple to use, however “their low efficiency coupled with the high space occupied in large scales, has led modern industries to use more efficient heat exchangers.”
Shell and tube – Shell and tube exchangers are the most commonly used industrial heat exchanger configuration. This is due to their “increased efficiency and because the shell and tube heat exchangers can withstand high pressures due to their shape.”
Plate heat exchanger – Plate exchangers use a series of metal plates to conduct heat between to generally low viscosity liquids. “When compared to shell and tube exchangers, the stacked-plate arrangement typically has lower volume and cost.”

Cross flow – Cross flow heat exchangers are the most efficient configuration of a heat exchanger, and allow the coolant to flow perpendicular to the flow of the hot liquid. This allows for greater surface contact between the hottest and coldest points of the fluid, and thus, produces a higher amount heat transfer.
Counter flow – Second is the counter flow arrangement. This is when the coolant travels parallel, but in the opposite direction to the hot fluid. This allows for greater temperature differences and more heat transfer than parallel flow, but is not as efficient as cross flow.
Parallel Flow – Parallel flow has both fluids following the same path, meaning the most heat transfer happens at first contact, however further along the path, the drop off is quite significant, making this the lease efficient form of exchanger.
The Benefit of using Cross flow
From the above arguments, it is clear that the shell and tube, cross flow heat exchanger will be the most efficient form of heat exchanger, and as such will be the choice of exchanger for this experiment. However “The amount of efficiency gained by using a counter flow system depends on several factors including the flow rates and temperatures (these affect the efficiency on their own) but it will be most noticeable in a larger cooler.” 

2.0 [bookmark: _Toc4241741]Methodology
All three experiments in this investigation will be using the 32 pipe, parallel setup, as this will reduced unnecessary variables within the investigation. All experiments will require the recording of five temperature values; two water values and three air values.
[bookmark: _Toc4241742]Test 1
The first experiment will be using Air flow rate and Temperature as fixed variables, and using Water flow rate as the independent variable.
Firstly set the Water Temperature to 60 degrees, and allow time for the tank to warm. Whilst warming, use the sliding door to set the air pressure too 250 Pascal’s.
Once up to Temperature, set the Water flow rate to 2.25 litres per minute. Once completed, leave the device for several minutes to stabilise all readouts, then record all possible data.
Continue the previous step for water flow rates of 1.75, 1.25, 0.75, and 0.25 recording all data necessary.
[bookmark: _Toc4241743]Test 2
The Second experiment will be using Water flow rate and Temperature as fixed variables, and using Air flow rate as the independent variable. 
Ensuring that the Water Temperature is still set to 60 degrees, set the flow rate to 0.25 litres per minute
Once set, set the Air pressure to 250 Pascal’s. Once completed, leave the device for several minutes to stabilise all readouts, then record all possible data.
Continue the previous step for Air Pressures of 200, 150, 100 and 50 recording all data necessary.
[bookmark: _Toc4241744]Test 3
The Third experiment is similar to the second and will be using Water flow rate as a fixed variable, however this time using Air flow rate and Temperature as the independent variables. 
After ensuring that the Water Temperature is now set to 40 degrees, set the flow rate to 0.25 litres per minute and leave to cool.
Once again, complete the experiment from task 2,using the same ranges for air pressure, and record all data.
(See Appendix 1 for full list of syntax used)


[bookmark: _Toc4241745]3.0 Results
[bookmark: _Toc4241746]Test 1
[bookmark: _Toc2020464]Table 1 : Results of Experiment 1, including calculated Values[image: ]
[bookmark: _Toc4241747][image: ]Test 2
[bookmark: _Toc2020465]Table 2 : Results of Experiment 2, including calculated Values
[bookmark: _Toc4241748][image: ]Test 3
[bookmark: _Toc2020466]Table 3 : Results of Experiment 3, including calculated Values



[bookmark: _Toc4241749]4.0 Analysis
[bookmark: _Toc4241750]Test 1
[image: ]
[bookmark: _Toc4242088]Figure 1: Power graph
The graph clearly shows that the power transfer between the water and the air increases with water flow. However to declining slope of the curve suggests that there is a probable maximum power transfer that can be achieved. The difference in power output/absorbed is minimal, and therefore shows that the heat exchanger is working effectively.

[image: ]
[bookmark: _Toc4242089]Figure 2: Efficiency Graph
The graph shows how the temperature efficiency of the water drops throughout the experiment, however the parabolic shape of the curve suggests that the value will even out with increased flow to a ‘stable’ efficiency. On the other hand, the efficiency of the air increases throughout the experiment, also starting to level around the same time as the water, showing that there will be a point that both efficiencies will enter equilibrium. The mean temperature efficiency shows that throughout the experiment, the efficiency of the system drops off quickly at the start, becoming more gradual with increasing flow.
As expected, the two graphs combined show that with lower water flow rates, there is both a reduction in power, and a reduction in air efficiency. This coupled with the large temperature drop, gives a low temperature gradient, thus affecting the overall heat exchange.

[image: ]
[bookmark: _Toc4242090]Figure 3: Heat Transfer Coefficient Graph
The Heat Transfer Coefficient graph shows that the gradient levels out after a certain point, (it can be assumed that the final result is a slight anomaly), and thus, the heat exchangers performance can be said to have reached its optimum output by this point. Therefore any further increase to mass flow would be useless. The graph also follows the same trend as the power graph.
[bookmark: _Toc4241751]Test 2
[image: ]
[bookmark: _Toc4242091]Figure 4: Power Graph
Varying the mass airflow shows that the heat exchanger is less efficient at lower airflows. With the significant change between emitted and absorbed heat, it can be said that the lower airflows allow for heat to be lost to the surrounding boundaries and the atmosphere, before the air is able to cross the next temperature sensor. However with increased airflow, the heat is kept within the system for longer, and therefore starts to make the boundary losses less significant.

[image: ]
[bookmark: _Toc4242092]Figure 5: Efficiency Graph
This graph shows that the water efficiency gradually increases with increased airflow, however the air efficiency decreases. Whilst the mean efficiency stays somewhat similar, it does show a slight upward trend with increased airflow through the heat exchanger.

[image: ]
[bookmark: _Toc4242093]Figure 6: Heat Transfer Coefficient Graph
The results for the heat transfer coefficient show a somewhat linear increase as airflow increases, thus showing that with increased airflow, the performance of the heat exchanger also increases.

[bookmark: _Toc4241752]Test 3
[image: ]
[bookmark: _Toc4242094]Figure 7: Power Graph
The heat transfer between the air and water at 45 degrees shows a trend similar to that of at 60 degrees, albeit with a decrease in overall power transfer. Again this was an expected trend, as the heat exchanged would be lower when there is a lower starting temperature.

[image: ]
[bookmark: _Toc4242095]Figure 8: Efficiency Graph
Again, the efficiency of the heat exchanger shows similar results to that of the 60 degree test. However this time, the graphs are showing that the efficiency of the system is pretty much the same, albeit at a lower power output.


[image: ]
[bookmark: _Toc4242096]Figure 9: Heat Transfer Coefficient Graph
Whilst the results show a similar trend to that of the 60 degrees test, the results clearly contain an anomaly with the 3rd test. Once again, the results between test 2 and 3 are pretty similar, with common attributed values as well. This confirms that both test runs were working well within the heat exchangers required performance range.

[image: ]
[bookmark: _Toc4242097]Figure 10: Power Comparison graph
The comparison of the water power at both temperatures clearly shows that both trends follow the same pattern. This further backs up the point that both tests were running within the required operating range of the heat exchanger, with the power deficit being attributed to the reduction in starting temperature of the water.




[bookmark: _Toc4241753]5.0 Conclusion
In conclusion, the tests seem to have been a success. All the results gathered in the tests have been plotted and all seem to follow the expect trends, with only a couple of anomalous results. 
The graphs show how that increasing the airflow through the exchanger increases the efficiency and power output, and the overall performance of the heat exchanger. At lower flow rates, the heat is easily lost through the outer boundary, and increasing the rate pushes the air through faster, allowing for less heat to be lost.
 Alongside this, increasing the water flow decreases the overall efficiency and performance of the heat exchanger, due to the water not having enough time in contact with the boundary to dissipate the heat effectively. In contrast to the air flow, decreasing the water flow allows the water to spend more time in contact with the boundary, allowing for more heat transfer to occur between the inner boundaries.

[bookmark: _Toc4241754]6.0 Further work
Upon completion of the experiment, further work could include repeat runs of the experiment, this would allow for averages to be gathered, and would therefore add further reliability and accuracy to the experiment overall.
Alongside this, it would be beneficial to run further experiments using counterflow and parallel flow heat exchangers. This would help to gain an all round understanding of how different heat exchangers perform, as well as allowing for cross analysis between the three types, too find whether the known hypothesis that cross flow exchangers perform best, holds true.
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[bookmark: _Toc4241755]Appendix
[bookmark: _Toc4241756]Appendix 1 – Spreadsheet Syntax
Mass water flow =(0.25/60000)*ρwater
Mass air Flow=0.6*Ød*SQRT(Pair*2*ρair)
ΔTwater = T2water – T1Water
Av. TWater = (T1water + T2Water)/2
ΔTair = T2air – T1air
Av. Tair = (T1air + T2air)/2
ηWater = (T1Water – T2Water) / (T1Water – T1air)
ηair = (T2air – T1air) / (T1Water – T1air)
ρwater= 
ρair = 101800/(287*( Av. Tair+273))
Cpwater = 4185.5*(0.996185+(0.0002874*((( Av. TWater +100)/100)^5.26))+(0.01116*(10^(-0.036* Av. TWater))))
Cpair = 1005
Q́emitted = Mass Water Flow* ΔTwater* Cpwater
Q́absorbed = Mass air Flow* ΔTair* Cpair
CEB = Qe/Qa
η̅ = (ηWater+ηair)/2
LMTD = ((T2water-T2air)-(T1water-T1air))/LN((T2water-T2air)-(T1water-T1air))
U = Q́emitted /(0.1558* LMTD)
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