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[bookmark: _Toc5360403]Introduction
[bookmark: _Toc5360404]Aims
To demonstrate how varying conditions affect the efficiency of a parallel-flow heat exchanger.
[bookmark: _Toc5360405]Objectives
To conduct three experiments using the TD1007 water-to-air heat exchanger apparatus, changing a different aspect of the experiment each time to observe how these changes will affect the efficiency of the heat exchanger. These results will then be put in tables and presented using a series of graphs.




[bookmark: _Toc5360406]Experimental procedure
[image: ]External measurements[bookmark: _Toc476752566][bookmark: _Toc5359519]Figure 1 Water to air heat exchanger apparatus TD1007

Before the experiments can proceed measurements of external conditions must be made; these consist of the ambient air pressure, the diameter of the intake orifice, the coefficient of drag for the orifice plate, and the heat exchanger surface area. These measurements can be found on a plate on the apparatus.
[bookmark: _Toc5360408]Experiment 1
Experiment 1 sets out to test the effect of a varying flow rate of water on the efficiency of the heat exchanger; the heat exchanger is set up in a standard 32 tube parallel configuration where water at a set 60 degrees Celsius is used. The pressure drop across the apparatus is set within a 5Pa tolerance at a fixed 250Pa. The experiment begins with the water flowing at a rate of 2.25 litres per minute with a tolerance of 0.01 litres per minute. A period of 5 minutes should be allowed for the all readings on the apparatus to equalise before the experiment is conducted. Readings from the experiment should be taken every 4 minutes, decreasing the flow of the water by 0.5 litres per minute at each step until 0.25 litres per minute is reached, this should yield 5 results.
[bookmark: _Toc5360409]Experiment 2
The goal of experiment 2 is to demonstrate how a difference in air flow rates will affect how the heat exchanger will perform; as such the water flow rate and temperatures will remain constant throughout the experiment. As with experiment 1, the temperature is at a constant 60 Celsius within the same tolerance, the water flow is set to a constant 0.25 litres per minute, and the initial pressure drop across the exchanger is set to 250Pa. After the initial 5-minute period to allow the experiment to stabilize, the pressure drop in the air flow rate is decreased by 50Pa until it reaches 50Pa. As with experiment 1, this experiment will also yield 5 results.
[bookmark: _Toc5360410]Experiment 3
The purpose of experiment 3 is to show how changes in the temperature of the water supplied to the exchanger will affect its efficiency with a static water flow rate. The procedure for this experiment is identical to experiment 2 however, as opposed to the water entering the exchanger being set at 60 Celsius it is instead set at 45 Celsius, all other experimental parameters are the same and will yield the same number of results.
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[bookmark: _Toc5360412]External information
	Environmental information

	Ambient pressure
	100000
	Pa

	Orifice Diameter
	0.10011
	M

	Orifice area
	0.007871
	M^2

	Cd for orifice plate
	0.6
	 

	Heat exchanger surface area
	0.1558
	m^2

	Specific gas constant for dry air
	287.05
	j/Kg.K

	Specific heat capacity of air
	1005
	j/Kg.K

	Specific heat capacity of water (@15c)
	4185.5
	j/Kg.K


[bookmark: _Toc5359529]Table 1 External information for experiment
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[bookmark: _Toc5359530]Table 2 Experient 1 results table
[bookmark: _Toc5360414]Experiment 2
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[bookmark: _Toc5359531]Table 3 Experiment 2 results table
[bookmark: _Toc5360415]Experiment 3
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[bookmark: _Toc5359532]Table 4 Experiment 3 results table
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[bookmark: _Toc5360417]Experiment 1

[bookmark: _Toc5359536][bookmark: _Toc5362587]Graph 1 Experiment 1 Water mass flow vs energy flow

[bookmark: _Toc5359537][bookmark: _Toc5362588]Graph 2 Experiment 1 Water mass flow vs Heat transfer efficiency

[bookmark: _Toc5359538][bookmark: _Toc5362589]Graph 3 Experiment 1 Water mass flow vs Heat transfer coefficient
[bookmark: _Toc5360418]Experiment 2

[bookmark: _Toc5359539][bookmark: _Toc5362590]Graph 4 Experiment 2 Air mass flow vs Energy flow

[bookmark: _Toc5359540][bookmark: _Toc5362591]Graph 5 Experiment 2 Air mass flow vs Mean efficiency

[bookmark: _Toc5359541][bookmark: _Toc5362592]Graph 6 Experiment 2 Air mass flow vs Heat transfer coefficient
[bookmark: _Toc5360419]Experiment 3

[bookmark: _Toc5359542][bookmark: _Toc5362593]Graph 7 Experiment 3 Air mass flow vs Energy flow

[bookmark: _Toc5359543][bookmark: _Toc5362594]Graph 8 Experiment 3 Air mass flow vs Mean efficiency

[bookmark: _Toc5359544][bookmark: _Toc5362595]Graph 9 Experiment 3 Air mass flow vs Heat transfer coefficient

















[bookmark: _Toc5360420]Conclusion
[bookmark: _Toc5360421]Experiment 1
The aim of experiment 1 was to show the effect a varying water flow rate while maintaining a steady pressure difference and temperature will have on the efficiency of the heat exchanger; from the results gathered it is shown that as the flow rate of the water decreases the efficiency of the exchanger will also decrease, as will the energy flow and heat transfer coefficient. This could be due to a decrease in the availability of a medium from which the heat apparatus is able to use conduction and convection to transfer the heat within the system to the atmosphere surrounding it; as such it shows the importance of a steady flow rate of water to maintain the maximum efficiency possible from the heat exchanger.
[bookmark: _Toc5360422]Experiment 2
The aim of experiment 2 was to show the effect a varying air flow rate while maintaining a steady water flow rate and temperature will have on the efficiency of the heat exchanger. As with experiment 1, the results gathered show that as the pressure difference is decreased across the heat exchanger, the efficiency will also decrease; this is due to there being less pressure forcing the air across the tubes in the heat exchanger, causing less air to pass over it. In turn, the air will be less able to transfer the heat emitted to the surrounding atmosphere. This further re-enforces the need for a steady flow of both water and air to maintain the maximum efficiency of the apparatus.
[bookmark: _Toc5360423]Experiment 3
The aim of experiment 3 was to show the effect a varying air flow rate while maintaining a steady water flow rate but at a decreased water temperature will have on the efficiency of the heat exchanger. The results for experiment 3 were almost identical to experiment 2, backing up the results gathered from performing the experiment. The results gathered over the course of all 3 experiments show that a heat exchanger has a very sensitive set of parameters and changing one of them even slightly will have drastic knock-on effects on the efficiency at which it will operate. 
[bookmark: _Toc5360424]Overall
From the completion of all 3 experiments, the results gathered show that changing any one of the conditions under which a heat exchanger is operating by a small amount will have much larger implications in terms of the efficiency at which it is able to complete the task that it was designed for. 

[bookmark: _Toc5360425]Critical analysis
Experimental equipment and procedure
While the experiment is set up to be completed multiple times with the aims of demonstrating how a heat exchanger works, the procedure is inherently flawed due to very fine adjustments needing to be made by humans. This allows for a large margin of error. This issue is easily remedied by implementing a computerised system to complete the fine adjustments of the pressure, temperature and water flow. A computerised system would also allow for more accurate results to be gathered. However, the experiment does give an excellent insight into how a heat exchanger functions and, as such, fulfils its purpose of being a piece of educational equipment very well.
Results
The results shown by the analysis tables and graphs in this report have a questionable accuracy level as they differ drastically from the results shown in the equipment handbook. This could be due to a misunderstanding of the equations needed to calculate some of the results, such as the specific heat capacity of water, or the LMTD (log mean temperature difference), as such, any results shown should be regarded with a level of scepticism. The results could be made more accurate by comparing them to see where the calculations used in this report differ from those used by others completing the same tasks. This would provide validation for both sets of results thus making them more accurate.
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[bookmark: _Toc5362596]Graph 10 Experiment 1 Water mass flow rate vs Air and water power example graph (Ltd, 2014)

[bookmark: _Toc5362597]Graph 11 Experiment 1 Water mass flow vs Energy flow
The above graphs show a comparison between the example results provided by the equipment manufacturer and the results calculated by using the equations also provided by the equipment manufacturer.





[bookmark: _Toc5360426]Further Work    
The experiment could be repeated using computerised mechanisms to complete any fine adjustments to the apparatus; this will remove the prospect of human error. The experiment could also be repeated using finer variations in the water flow, air flow, and temperature to generate more accurate results. 
[bookmark: _GoBack]Improvements to the efficiency of the heat exchanger could be made by cleaning all the tubes used in the experiment in between each experiment; this is part of a good maintenance schedule which allows for the exchanger to operate at peak efficiency as there is no build up of foreign matter on the conductive interfaces. The efficiency of the heat exchanger could also be  increased by increasing the flow in the tubes or plates used in the equipment; this increase in flow causes the flow within the mechanism to become turbulent, this in turn will help to slow the build up of any foreign contaminants that may negatively affect the efficiency of the heat exchanger. (Patel, 2018) 
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Heat emitted by heat exchanger

Energy flow of water	2.6690511407821469	2.6220453251901956	2.4309456580130488	2.2406569142534414	1.6226610502207308	3.6864347522946012E-2	2.8681972126495536E-2	2.0497157706060445E-2	1.231320448461224E-2	4.1152325888728809E-3	Energy flow of air	2.6690511407821469	2.6220453251901956	2.4309456580130488	2.2406569142534414	1.6226610502207308	3.6864347522946012E-2	2.8681972126495536E-2	2.0497157706060445E-2	1.231320448461224E-2	4.1152325888728809E-3	Energy flow (W)


Water mass flow rate (Kg/s)




Heat echanger efficiency

Efficiency of water	15.300546448087427	15.027322404371585	14.049586776859499	13.276836158192099	9.5238095238095291	3.6864347522946012E-2	2.8681972126495536E-2	2.0497157706060445E-2	1.231320448461224E-2	4.1152325888728809E-3	Efficiency of air	15.300546448087427	15.027322404371585	14.049586776859499	13.276836158192099	9.5238095238095291	3.6864347522946012E-2	2.8681972126495536E-2	2.0497157706060445E-2	1.231320448461224E-2	4.1152325888728809E-3	Heat transfer efficiency (%)


Water mass flow rate (Kg/s)





Overall heat transfer coefficient	0.52280130817325776	0.5279293333879147	0.53784536326458632	0.51500123398251496	0.48704558168183992	3.6864347522946012E-2	2.8681972126495536E-2	2.0497157706060445E-2	1.231320448461224E-2	4.1152325888728809E-3	Heat transfer coefficient


Water mass flow rate (Kg/s)




Heat emitted and absorbed

Heat emitted by exchanger	1.6226610502207308	1.3659785083236708	1.0352736573497396	1.0857221374862536	0.9160075357001306	0.11397092538863773	0.10193869465102023	8.8296260754775327E-2	7.2021368987479545E-2	5.0871643773696976E-2	Heat absorbed by air	1.6226610502207308	1.3659785083236708	1.0352736573497396	1.0857221374862536	0.9160075357001306	0.11397092538863773	0.10193869465102023	8.8296260754775327E-2	7.2021368987479545E-2	5.0871643773696976E-2	Energy flow (W)


Air mass flow rate (Kg/s)




Mean tempertaure efficiency of water and air in exchanger

Mean Temperature efficiency	35.294117647058826	35.045317220543808	33.02469135802469	33.126934984520133	31.018518518518512	0.11397092538863773	0.10193869465102023	8.8296260754775327E-2	7.2021368987479545E-2	5.0871643773696976E-2	Mean efficiency (%)


Air mass flow rate (Kg/s)




Heat Heat transfer coefficient

Heat transfer coefficient 	0.48704558168183992	0.47864750652894161	0.4319151781480855	0.41566281750373651	0.3502764731301784	0.11397092538863773	0.10193869465102023	8.8296260754775327E-2	7.2021368987479545E-2	5.0871643773696976E-2	Heat transfer coefficient


Air mass flow rate (Kg/s)




Heat emitted and absorbed

Heat emitted by echanger	1.1938318270146424	1.0677956475630039	0.92442877638410459	0.81476765787801964	0.66092806983103825	0.11403766705811511	0.10199839021497352	8.8303644311317459E-2	7.2063474439183525E-2	5.0914054488669265E-2	Heat absorbed by air	1.1938318270146424	1.0677956475630039	0.92442877638410459	0.81476765787801964	0.66092806983103825	0.11403766705811511	0.10199839021497352	8.8303644311317459E-2	7.2063474439183525E-2	5.0914054488669265E-2	Energy flow (W)


Air mass flow rate (Kg/s)




Mean tempertaure efficiency of water and air in exchanger

Mean temperature efficiency	35.185185185185176	34.937238493723846	34.255319148936167	33.547008547008552	32.051282051282044	0.11403766705811511	0.10199839021497352	8.8303644311317459E-2	7.2063474439183525E-2	5.0914054488669265E-2	Mean efficiency (%)


Air mass flow rate (Kg/s)




Heat Heat transfer coefficient

Heat transfer coefficient	0.47760337795121816	0.46915089866680271	0.44887454114013503	0.42325302746196691	0.37378769904222869	0.11403766705811511	0.10199839021497352	8.8303644311317459E-2	7.2063474439183525E-2	5.0914054488669265E-2	Heat transfer coefficient


Air mass flow rate (Kg/s)




Heat emitted by heat exchanger

Energy flow of water	2.6690511407821469	2.6220453251901956	2.4309456580130488	2.2406569142534414	1.6226610502207308	3.6864347522946012E-2	2.8681972126495536E-2	2.0497157706060445E-2	1.231320448461224E-2	4.1152325888728809E-3	Energy flow of air	2.6690511407821469	2.6220453251901956	2.4309456580130488	2.2406569142534414	1.6226610502207308	3.6864347522946012E-2	2.8681972126495536E-2	2.0497157706060445E-2	1.231320448461224E-2	4.1152325888728809E-3	Energy flow (W)


Water mass flow rate (Kg/s)




image2.emf
Hot flow (L/min) Tw1 Tw2 ΔTw Tw Average Ta1 Ta2 Δta Ta Average η Water η Air

2.25 60.70 56.70 4.00 58.70 24.10 29.70 5.60 26.90 10.93 15.30

1.75 60.60 55.50 5.10 58.05 24.00 29.50 5.50 26.75 13.93 15.03

1.25 60.60 53.60 7.00 57.10 24.30 29.40 5.10 26.85 19.28 14.05

0.75 59.80 49.60 10.20 54.70 24.40 29.10 4.70 26.75 28.81 13.28

0.25 60.10 38.30 21.80 49.20 24.40 27.80 3.40 26.10 61.06 9.52


image3.emf
ρ Water ρ Air Cp Water Cp Air Q̇e Q̇a Ceb ή LMTD U ṁ Water ṁ Air

983.05 1.16 4183.55 1005.00 2.57 2.67 1.04 13.11 31.56 0.52 0.04 0.11

983.38 1.16 4183.27 1005.00 2.55 2.62 1.03 14.48 31.00 0.53 0.03 0.11

983.86 1.16 4182.89 1005.00 2.50 2.43 0.97 16.67 29.84 0.54 0.02 0.11

985.06 1.16 4181.97 1005.00 2.19 2.24 1.02 21.05 27.28 0.52 0.01 0.11

987.66 1.16 4180.19 1005.00 1.56 1.62 1.04 35.29 20.59 0.49 0.004 0.11


image4.emf
Air pressure Δp (Pa) Tw1 Tw2 ΔTw Tw Average Ta1 Ta2 Δta Ta Average η Water η Air

250.00 60.10 38.30 21.80 49.20 24.40 27.80 3.40 26.10 61.06 9.52

200.00 57.60 37.60 20.00 47.60 24.50 27.70 3.20 26.10 60.42 9.67

150.00 57.00 38.40 18.60 47.70 24.60 27.40 2.80 26.00 57.41 8.64

100.00 57.10 39.30 17.80 48.20 24.80 28.40 3.60 26.60 55.11 11.15

50.00 57.50 41.70 15.80 49.60 25.10 29.40 4.30 27.25 48.77 13.27


image5.emf
ρ Water ρ Air Cp Water Cp Air Q̇e Q̇a Ceb ή LMTD U ṁ Water ṁ Air

987.66 1.16 4180.19 1005.00 1.56 1.62 1.04 35.29 20.59 0.49 0.004 0.11

988.38 1.16 4179.76 1005.00 1.43 1.37 0.95 35.05 19.22 0.48 0.004 0.10

988.33 1.17 4179.79 1005.00 1.33 1.04 0.78 33.02 19.81 0.43 0.004 0.09

988.11 1.16 4179.92 1005.00 1.28 1.09 0.85 33.13 19.70 0.42 0.004 0.07

987.47 1.16 4180.31 1005.00 1.13 0.92 0.81 31.02 20.75 0.35 0.004 0.05


image6.emf
Air pressure Δp (Pa) Tw1 Tw2 ΔTw Tw Average Ta1 Ta2 Δta Ta Average η Water η Air

250.00 48.80 34.20 14.60 41.50 24.50 27.00 2.50 25.75 60.08 10.29

200.00 48.40 34.20 14.20 41.30 24.50 27.00 2.50 25.75 59.41 10.46

150.00 48.20 34.60 13.60 41.40 24.70 27.20 2.50 25.95 57.87 10.64

100.00 48.30 35.30 13.00 41.80 24.90 27.60 2.70 26.25 55.56 11.54

50.00 48.60 36.70 11.90 42.65 25.20 28.30 3.10 26.75 50.85 13.25


image7.emf
ρ Water ρ Air Cp Water Cp Air Q̇e Q̇a Ceb ή LMTD U ṁ Water ṁ Air

990.96 1.17 4178.50 1005.00 1.05 1.19 1.14 35.19 14.06 0.48 0.004 0.11

991.04 1.17 4178.47 1005.00 1.02 1.07 1.05 34.94 13.92 0.47 0.004 0.10

991.00 1.17 4178.48 1005.00 0.97 0.92 0.95 34.26 13.93 0.45 0.004 0.09

990.84 1.16 4178.54 1005.00 0.93 0.81 0.87 33.55 14.12 0.42 0.004 0.07

990.49 1.16 4178.69 1005.00 0.85 0.66 0.78 32.05 14.64 0.37 0.004 0.05
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