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[bookmark: _Toc5595423]Introduction
This report will discuss an experiment that outlines the relationship between the performance of a heat exchanger during a series of experiments manipulating water flow, air flow, and temperature. The current report will present the experimental procedure, results of the individual experiments and an analysis of all the results individually and in combination. 
[bookmark: _Toc5595424]Aim
The aim of the experiment is to determine how water flow rates, air flow fates and water temperature affect the performance of a cross flow heat exchanger.
[bookmark: _Toc5595425]Objective
The objective of this experiment is to test whether modifying the independent variables changes the performance of the heat exchanger and if results are positive how the performance is modified.

[bookmark: _Toc5595426]Background Research
[image: ]
[bookmark: _Toc5595440]Figure 1 Cross flow heat exchanger diagram (TecQuipment, 2014)
According to (Bengston, 2009) the heating system on a car is an example of a cross flow heat exchanger. The heat exchange takes place between a liquid from within tubes and an airflow between the tubes. (TecQuipment, 2014) heat energy transfers from between two separate circuits (from hot to cold). In an ideal heat exchanger, the only heat transfer is between the hot and cold system however, realistically there will be some heat loss to surroundings from outside the boundary.

[bookmark: _Toc5595427]Methodology
[bookmark: _Toc5595428]Equipment
Below is a list of equipment and apparatus required to perform the experiment:
· 32-tube heat exchanger
· Stop watch
· Laptop
· Feedback wires 


[bookmark: _Toc5595429]Common
This section of the report will outline the procedures that are universal to the experiments.
The 32-tube heat exchanger is to be setup in a parallel flow configuration. This is accomplished by connecting the water supply to the two lower valves (inlet valves) and the water return to the two upper valves (outlet valves) as shown in figure 2.
[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/56652788_806994792994960_3369127760374005760_n.jpg?_nc_cat=104&_nc_ht=scontent-lhr3-1.xx&oh=be8a28a81c2066ce4b0ab82b1bcdfb39&oe=5D3AB790]
[bookmark: _Toc5595441]Figure 2 Heat exchanger parallel setup
 
With the heat exchanger connected the read-out wires are connected to 5 areas on the exchanger and then to their relevant location on the feedback board used to control the independent variables. The water inlet valve is to be connected to TW1. The water outlet valve is to be connected to TW2. Port TA1 should be connected to the air input temperature and TA2 to the output temperature. Finally, port TA3 is to be connected to the air input orifice to record ambient air temperature. 
Once the temp feedback wires are connected, pressure feedback tubes need to be connected to the orifice and output tube for airflow.
With all connections set up correctly the LCD displays should be set up as shown in the figures below. Areas within blue boxes are not connected and therefore give out a static value.
[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/56405517_1113170202216192_6583059669235793920_n.jpg?_nc_cat=107&_nc_ht=scontent-lhr3-1.xx&oh=53f6debc985ed6f9dd358b93524fede0&oe=5D4B7DB9]
[bookmark: _Toc5595442]Figure 3 Water temperature and flow rate
[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/56494471_1674381669374374_7091061112447172608_n.jpg?_nc_cat=102&_nc_ht=scontent-lhr3-1.xx&oh=cfaad1b4b0df5ab2e12f99a27bf70a49&oe=5D051875]
[bookmark: _Toc5595443]Figure 4 Air temperature and delta pressure
[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/57001916_1072454269609315_3513903763528089600_n.jpg?_nc_cat=100&_nc_ht=scontent-lhr3-1.xx&oh=b8b7f420e300e965e7430ef9e1336170&oe=5D4FABD3]
[bookmark: _Toc5595444]Figure 5 Heat exchanger set up
 With the heat exchanger set up the orifice diameter needs to be recorded. The orifice diameter is stamped onto the top of the orifice ring as shown in the figure below.
[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/56629367_415551662564763_110502709592850432_n.jpg?_nc_cat=109&_nc_ht=scontent-lhr3-1.xx&oh=7a89a653c7a9ce085c47776e89d0e5d0&oe=5D3CFE93]
[bookmark: _Toc5595445]Figure 6 Orifice


[bookmark: _Toc5595430]Experiment 1
The aim of this experiment is to determine the effect water flow rate has on the performance of the heat exchanger. This will be accomplished by adjusting the water flow rate and leaving the air flow and water temperature fixed.
After completing the steps in section 3.2 the heater tank needs to be set to 60oC. once the water temperature reaches 60oC the systems fan and pump are to be switched on using the green switches indicated by the blue square in figure 5. Once this is complete note the ambient air pressure. Next, adjust the red slide valve shown by the red square in figure 5 until the change in pressure readout shows 250 Pa (± 5 Pa). Next, using the water flow rate adjuster valve (shown in figure 7) set the water flow rate to 2.25 L/minute (± 0.01 L/minute).
[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/56281544_380005579508092_4870120621603815424_n.jpg?_nc_cat=105&_nc_ht=scontent-lhr3-1.xx&oh=44ac1f260878318d88025f5cbb4b410f&oe=5D37FEA1]
[bookmark: _Toc5595446]Figure 7 flow rate valve
With the parameters set allow at least 5 minutes for the exchangers reading to stabilise and record all feedback results.
Finally, with the first set of results recorded adjust the water supply valve to 1.75, 1.25, 0.75 and 0.25 L/min pausing for 5 minutes in between changes and recording all results.


[bookmark: _Toc5595431]Experiment 2
The aim of the second experiment is to examine the effects of manipulating the air flow rate of the heat exchanger regarding the systems performance. This will be accomplished by adjusting the air flow rate while leaving the water flow and water temperature fixed.
As in experiment 1 after completing section 3.2 the heater tank needs to be set to 60oC and allowed to heat to this. The exchangers fan and water pump need to be switched to the on position. Following this the ambient air pressure needs to be recorded. Now, the red slide valve needs to be adjusted until the pressure drop reading reaches 250 Pa (± 5 Pa). Next, adjust the water flow valve until the water flow rate reaches 0.25 L/minute (± 0.01 L/min).
With the above parameters set wait for at least 5 minutes for the feedback results to settle and then record the results. With the first set recorded the red slide valve needs to be adjusted until the pressure drop reading reaches 200 Pa, 150 Pa, 100, Pa, 50 Pa and 25Pa (± 5 Pa) allowing for a 5-minute wait between adjustments and recording all readouts before adjustment.


[bookmark: _Toc5595432]Experiment 3
The aim of the third experiment is to determine the effect of water temperature on the performance of the heat exchanger. This will be accomplished using a constant but alternate water temperature to the first two experiments while the air flow rate will be adjusted, and water flow rate will remain fixed.
For the third and final experiment after section 3.2 is complete the water temperature needs to be set to 45oC. Once this temperature is reached the procedure for experiment 2 is carried out (section 3.4) excluding heating to 60oC
[bookmark: _Toc5595433]Formulas
The formulas used to acquire these results are listed below:
▲Tw (°C)

Average Tw (°C)

▲Tw (°C)

Average Tw (°C)

ηw (Water temperature efficiency) (TecQuipment, 2014)

ηa (Air temperature efficiency) (TecQuipment, 2014)

ρw (Density of water) (TecQuipment, 2014)

Where:
	T = Average temperature of water


ρA (Density of Air) (TecQuipment, 2014)

Where:
P = Ambient Pressure Pa
R = Specific Gas Constant = 287
T = Ambient Temperature oC TA3
cpw (Heat capacity of water) (TecQuipment, 2014)

Where:
	T = Average Temperature oC
cpA (Heat capacity of air)
“For air, the specific heat capacity remains reasonably constant at around 1005 J.kg-1.K-1” (TecQuipment, 2014)
mW (Mass flow rate water) (TecQuipment, 2014)

mA (mass flow rate air) (TecQuipment, 2014)


Qe (heat power emitted) (TecQuipment, 2014)

Qa (heat power absorbed) (TecQuipment, 2014)

CEB (Energy Balance Coefficient) (TecQuipment, 2014)


η (Temperature efficiency average) (TecQuipment, 2014)

LMTD (Logarithmic mean temperature difference) (TecQuipment, 2014)

U (Heat transfer coefficient)

Where:
	A = Surface area of tubes m2


[bookmark: _Toc5595434]Results
[bookmark: _Toc5595435]Experiment 1
The results taken were split into 3 section in table 1. The first, system data records the ambient pressure, orifice diameter and takes note of the heat pipes surface area for each trial 1-5 (2.25 – 0.25 L/min). The second set was to record the air temp and pressure after each trial and the final section was for the water data including the independent variable.
From the information gathered in the first section the orifice area can be calculated using the formula:

Where ϴ = Diameter
[bookmark: _Toc5595462]Table 1 Experiment 1 recorded results
	 
	System Data

	 
	Ambient Pressure (Bar)
	Orifice Diameter (m)
	Orifice Area (m²)
	Surface Area (m²)

	1
	1.017
	0.10011
	0.0786262
	0.155823

	2
	1.017
	0.10011
	0.0786262
	0.155823

	3
	1.017
	0.10011
	0.0786262
	0.155823

	4
	1.017
	0.10011
	0.0786262
	0.155823

	5
	1.017
	0.10011
	0.0786262
	0.155823

	 
	Air Data

	 
	Pressure Difference (Pa)
	Ambient Air Temp (°C)
	Air Temp In (°C)
	Air Temp Out (°C)

	1
	251
	23.3
	23.5
	29.3

	2
	250
	23.2
	23.6
	29.2

	3
	250
	23.2
	23.6
	28.9

	4
	249
	23.3
	23.7
	28.4

	5
	250
	23.5
	23.8
	27.3

	 
	Water Data

	 
	Water Flow (L/min)
	Water Tank Temp (°C)
	Water Temp In (°C)
	Water Temp Out (°C)

	1
	2.25
	59.8
	61.1
	56.6

	2
	1.75
	59.8
	60.8
	55.5

	3
	1.25
	60.1
	60.4
	53.4

	4
	0.75
	60
	59.7
	49.3

	5
	0.25
	60.3
	60.5
	38.2

	 
	BLUE = INDEPENDENT VARIABLE
	 
	 


With these results recorded a series of extra calculations could be made to work out the following values as shown by table 2
[bookmark: _Toc5595463]Table 2 Experiment 1 calculated results
	 
	Calculations

	 
	▲Tw (°C)
	Average Tw (°C)
	▲Ta (°C)
	Average Ta (°C)
	ηw
	ηa
	ρw (kg.m3)
	ρA(kg.m3)
	cpw (J.kg-1.k-1)

	1
	-4.5
	58.85
	5.8
	26.4
	12.0%
	15.4%
	983.769
	1.196
	4183.610

	2
	-5.3
	58.15
	5.6
	26.4
	14.2%
	15.1%
	984.123
	1.196
	4183.316

	3
	-7
	56.9
	5.3
	26.25
	19.0%
	14.4%
	984.748
	1.196
	4182.809

	4
	-10.4
	54.5
	4.7
	26.05
	28.9%
	13.1%
	985.920
	1.196
	4181.900

	5
	-22.3
	49.35
	3.5
	25.55
	60.8%
	9.5%
	988.314
	1.195
	4180.235

	
	cpA (J.kg-1.k-1)
	mW (kg/s-1)
	mA (kg/s-1)
	Qe (W)
	Qa (W)
	CEB
	ή
	LMTD
	U

	1
	1005
	0.0369
	0.116
	-694.525
	674.521
	-0.971
	13.7%
	32.176
	-138.525

	2
	1005
	0.0287
	0.116
	-636.404
	650.073
	-1.021
	14.7%
	31.436
	-129.921

	3
	1005
	0.0205
	0.116
	-600.689
	615.248
	-1.024
	16.7%
	30.234
	-127.503

	4
	1005
	0.0123
	0.115
	-535.993
	544.413
	-1.016
	21.0%
	27.769
	-123.870

	5
	1005
	0.0041
	0.115
	-383.875
	406.090
	-1.058
	35.1%
	21.252
	-115.921



The graphs below have all been plotted with mW on the x axis. Figure 8 compares Qa and Qe values, figure 9 compares ηw ηa and ή. Finally, figure 10 visualises the change in U at each mass water flow rate.

[bookmark: _Toc5595447]Figure 8 Experiment 1 Qa vs Qe Graph
This figure 8 shows that there is a positive correlation between the heat energy and water mass flow rate. However, as the results aren’t linear and that the gradient is decreasing it can be assumed that further increasing the mass flow rate above 0.4 kg.s-1 will result in a maximum power transfer meaning an increase in mass flow rate will not increase the heat energy. The heat emitted and heat absorbed give relatively similar values, this causes the energy balance coefficient to produce good values (from around 0.97-1.06).

[bookmark: _Toc5595448]Figure 9 Experiment 1 Temperature Efficiency Graph
Figure 9 shows that the water temperature efficiency starts off high but rapidly decreases with the increase of water flow. However, the air efficiency starts off low but gradually increases as the water flow is increased. This however is to be expected due to the higher temperature variation found in the water compared to the air. Due to the mean efficiency being dependant on the other two efficiency the graph shows a relatively high mean efficiency that steadily decreases with the increasing flow. 
When compared with figure 8 at lower water flow rates the heat exchanger produces a higher temperature drop for the emitted power. This gives an increased temperature efficiency for the water section of the system. However, due to this higher temperature drop there is a lower temperature gradient towards the end of the water flow path between the water and air.



[bookmark: _Toc5595449]Figure 10 Heat transfer coefficient
Figure 10 shows that an increased water flow rate will increase the heat transfer coefficient. With these results suggesting that the coefficient value will continue to increase contradicts the findings from figure 8. As figure 8 shows that the power emitted and absorbed would eventually level out and reach an optimum value meaning a further increase to flow rate would make no improvement. However, figure 10 appears to have a gradient increase between the last 2 values which suggests the opposite.


[bookmark: _Toc5595436]Experiment 2
 Results recorded for experiment 2 were recorded in the same fashion as experiment one as shown in table 3
[bookmark: _Toc5595464]Table 3 Experiment 2 recorded results
	 
	System Data

	 
	Ambient Pressure (Pa)
	Orifice Diameter (m)
	Orifice Area (m²)
	Surface Area (m²)

	1
	101700
	0.10011
	0.00787127
	0.155823

	2
	101700
	0.10011
	0.00787127
	0.155823

	3
	101700
	0.10011
	0.00787127
	0.155823

	4
	101700
	0.10011
	0.00787127
	0.155823

	5
	101700
	0.10011
	0.00787127
	0.155823

	6
	101700
	0.10011
	0.00787127
	0.155823

	 
	Air Data

	 
	Pressure Difference (Pa)
	Ambient Air Temp (°C)
	Air Temp In (°C)
	Air Temp Out (°C)

	1
	250
	23.5
	23.8
	27.3

	2
	199
	23.5
	23.8
	27.2

	3
	150
	23.6
	23.8
	27.4

	4
	101
	23.2
	23.9
	27.9

	5
	51
	23.3
	24.2
	28.9

	6
	25
	23.3
	24.6
	30.2

	 
	Water Data

	 
	Water Flow (L/min)
	Water Tank Temp (°C)
	Water Temp In (°C)
	Water Temp Out (°C)

	1
	0.25
	60.3
	60.5
	38.2

	2
	0.25
	59.9
	58.4
	38

	3
	0.25
	60
	58.1
	38.4

	4
	0.25
	60.1
	58.2
	39.4

	5
	0.25
	60
	58.6
	41.4

	6
	0.25
	60.1
	58.9
	43.3

	 
	BLUE = INDEPENDENT VARIABLE
	 
	 


With the results of experiment 2 recorded the extra calculations can be made as shown in table 4

[bookmark: _Toc5595465]Table 4 Experiment 2 calculated results
	
	
	
	

	 
	Calculations

	 
	▲Tw (°C)
	Average Tw (°C)
	▲Ta (°C)
	Average Ta (°C)
	ηw
	ηa
	ρw (kg.m3)
	ρA(kg.m3)
	cpw (J.kg-1.k-1)

	1
	-22.3
	49.35
	3.5
	25.55
	60.8%
	9.5%
	988.314
	1.195
	4180.235

	2
	-20.4
	48.2
	3.4
	25.5
	59.0%
	9.8%
	988.825
	1.195
	4179.917

	3
	-19.7
	48.25
	3.6
	25.6
	57.4%
	10.5%
	988.803
	1.195
	4179.931

	4
	-18.8
	48.8
	4
	25.9
	54.8%
	11.7%
	988.560
	1.196
	4180.080

	5
	-17.2
	50
	4.7
	26.55
	50.0%
	13.7%
	988.022
	1.196
	4180.423

	6
	-15.6
	51.1
	5.6
	27.4
	45.5%
	16.3%
	987.520
	1.196
	4180.756

	
	cpA (J.kg-1.k-1)
	mW (kg/s-1)
	mA (kg/s-1)
	Qe (W)
	Qa (W)
	CEB
	ή
	LMTD
	U (W.m-2K-1)

	1
	1005
	0.004117976
	0.115
	-383.875
	406.090
	-1.058
	35.1%
	21.252
	-115.921

	2
	1005
	0.004120105
	0.103
	-351.323
	351.957
	-1.002
	34.4%
	20.441
	-110.297

	3
	1005
	0.004120013
	0.089
	-339.261
	323.489
	-0.954
	34.0%
	20.488
	-106.268

	4
	1005
	0.004118999
	0.073
	-323.694
	295.138
	-0.912
	33.2%
	20.864
	-99.565

	5
	1005
	0.004116757
	0.052
	-296.008
	246.385
	-0.832
	31.8%
	21.633
	-87.811

	6
	1005
	0.004114667
	0.037
	-268.358
	205.536
	-0.766
	30.9%
	22.025
	-78.192



The graphs below have all been plotted with mA on the x axis. Figure 11 compares Qa and Qe values, figure 12 compares ηw ηa and ή. Finally, figure 13 visualises the change in U at each mass water flow rate.




[bookmark: _Toc5595450]Figure 11 Experiment 2 Qe vs Qa graph
Figure 11 shows the power transfer improves as the airflow is increased. Results for both Qe and Qa look relatively linear if trial number 5 is ignored suggesting this may be an outlier. At lower rates there is a slight discrepancy between the heat emitted and the heat absorbed suggesting there are increased losses at a lower flow rate. These losses could be metalwork that is conducting some of the heat energy. Due to this the energy balance coefficient changes from around 0.76 – 1.06. As the flow rate increases the difference between Qe and Qa decreases suggesting that the external losses become less dominant. Additionally, the trend doesn’t appear to level out as in experiment 1 suggesting that further increasing of the airflow could continue to increase the heat transfer.

[bookmark: _Toc5595451]Figure 12 Experiment 2 Temperature Efficiency Graph
Figure 12 shows that with an increasing air flow the water efficiency increases whereas the efficiency of the air slightly decreases. The changes appear to be similar but as the mean temperature shows a gradual increase it can be determined that the water efficiency increase is greater than the airs decrease.

[bookmark: _Toc5595452]Figure 13 Experiment 2 Heat transfer Coefficient graph
Figure 13 shows positive almost linear correlation between increasing the air flow rate and the heat transfer coefficient. As the results are almost linear this could again suggest that further increasing the air flow rate could give increased heat transfer.


[bookmark: _Toc5595437]Experiment 3
As with the last two experiments the recorded results were set out in the same way as shown in table 5.
[bookmark: _Toc5595466]Table 5 Experiment 3 recorded results
	 
	 
	 
	 
	 

	 
	System Data

	 
	Ambient Pressure (Pa)
	Orifice Diameter (m)
	Orifice Area (m²)
	Surface Area (m²)

	1
	101700
	0.10011
	0.00787127
	0.155823

	2
	101700
	0.10011
	0.00787127
	0.155823

	3
	101700
	0.10011
	0.00787127
	0.155823

	4
	101700
	0.10011
	0.00787127
	0.155823

	5
	101700
	0.10011
	0.00787127
	0.155823

	6
	101700
	0.10011
	0.00787127
	0.155823

	 
	Air Data

	 
	Pressure Difference (Pa)
	Ambient Air Temp (°C)
	Air Temp In (°C)
	Air Temp Out (°C)

	1
	250
	23.1
	23.6
	26.1

	2
	201
	23.4
	24
	26.4

	3
	150
	23.2
	23.9
	26.5

	4
	100
	23.1
	23.9
	26.8

	5
	50
	23.2
	24.3
	27.7

	6
	25
	23.2
	24.7
	28.5

	 
	Water Data

	 
	Water Flow (L/min)
	Water Tank Temp (°C)
	Water Temp In (°C)
	Water Temp Out (°C)

	1
	0.25
	44.9
	48.6
	33.6

	2
	0.25
	44.9
	48.1
	33.8

	3
	0.25
	44.7
	48.1
	34.2

	4
	0.25
	44.7
	48.2
	34.9

	5
	0.25
	45.1
	48.3
	36.4

	6
	0.25
	45.3
	48.5
	37.6


With all the results recorded extra results can be calculated as shown in table 6


	 
	Calculations

	 
	▲Tw (°C)
	Average Tw (°C)
	▲Ta (°C)
	Average Ta (°C)
	ηw
	ηa
	ρw (kg.m3)
	ρA(kg.m3)
	cpw (J.kg-1.k-1)

	1
	-15
	41.1
	2.5
	24.85
	60.0%
	10.0%
	991.779
	1.197
	4178.438

	2
	-14.3
	40.95
	2.4
	25.2
	59.3%
	10.0%
	991.837
	1.196
	4178.417

	3
	-13.9
	41.15
	2.6
	25.2
	57.4%
	10.7%
	991.759
	1.196
	4178.446

	4
	-13.3
	41.55
	2.9
	25.35
	54.7%
	11.9%
	991.602
	1.197
	4178.506

	5
	-11.9
	42.35
	3.4
	26
	49.6%
	14.2%
	991.284
	1.196
	4178.635

	6
	-10.9
	43.05
	3.8
	26.6
	45.8%
	16.0%
	991.003
	1.196
	4178.758

	
	cpA (J.kg-1.k-1)
	mW (kg/s-1)
	mA (kg/s-1)
	Qe (W)
	Qa (W)
	CEB
	ή
	LMTD
	U (W.m-2K-1)

	1
	1005
	0.00413
	0.116
	-259.005
	290.260
	-1.121
	35.0%
	14.535
	-114.355

	2
	1005
	0.00413
	0.104
	-246.932
	249.728
	-1.011
	34.6%
	14.144
	-112.042

	3
	1005
	0.00413
	0.089
	-240.007
	233.788
	-0.974
	34.1%
	14.409
	-106.897

	4
	1005
	0.00413
	0.073
	-229.614
	212.949
	-0.927
	33.3%
	14.746
	-99.930

	5
	1005
	0.00413
	0.052
	-205.385
	176.509
	-0.859
	31.9%
	15.078
	-87.417

	6
	1005
	0.00413
	0.037
	-188.078
	139.495
	-0.742
	30.9%
	15.290
	-78.940


The graphs below have all been plotted with mA on the x axis. Figure 14 compares Qa and Qe values, figure 15 compares ηw ηa and ή. Finally, figure 16 visualises the change in U at each mass water flow rate.



[bookmark: _Toc5595453]Figure 14 Experiment 3 Qe vs Qa graph
Figure 11 showed that at 60 oC there was a nearly linear trend for both emitted and absorbed energy. However, Figure 14 shows that the power trail for absorbed begins to reduce its gradient towards the end. Qa also looked as if it was about to reduce in gradient until the last result which suggests that it could go either way but more than likely it will match Qe. This suggests that due to the lower temperature the configuration is near to its limit. 


[bookmark: _Toc5595454]Figure 15 Experiment 3 Temperature Efficiency Graph
Figure 15 looks almost identical in shape to figure 12 suggesting that temperature doesn’t affect the efficiency of the heat exchanger. 
 

[bookmark: _Toc5595455]Figure 16 Experiment 3 heat transfer coefficient graph
The heat transfer coefficient shape and results don’t vary much between 45oC and 60oC. suggesting that for a considerably lower amount of power very similar results will be produced. Figure 16 suggests that temperature of the water doesn’t have a large effect on the performance of the heat exchanger.


[bookmark: _Toc5595438]Conclusion
From the experiment it can be conducted that although an increase in water flow rate does benefit the performance of the heat exchanger, by increasing both the power absorbed by the air as well as increasing the heat transfer coefficient there is a limit to the performance increase. It was found that after the water flow rate reaches a specific value any increases to the flow rate would be redundant. Temperature had very little effect on the performance of the heat exchanger other than a slight reduction in the heat transfer coefficient. However, the power emitted was significantly reduced. The air flow rate had the largest effect on the performance of the heat exchanger as it can be concluded that the greater the air flow rate the greater the heat transfer coefficient. The results obtained left a few areas for error. For example, ambient air pressure was recorded from a weather source instead of measured manually. During the experiment the water heat tank was able to fluctuate in between readings as well as the fixed parameters of the experiment. This is an issue because it meant more than one variable (independent) was being modified at one time even if only slightly ruling out 100% responsibility for changes in performance to the independent variable.
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Qe vs Qa

Qa	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	674.52130371366127	650.07302681753811	615.24768609516991	544.41282548285108	406.09004388572635	Qe	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	-694.52544334998061	-636.40380584434286	-600.68926356373186	-535.99266625901896	-383.87455741247805	mW (kg/s-1)


Q(w)





η/mW

ηw	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	0.11968085106382978	0.14247311827956982	0.19021739130434784	0.28888888888888903	0.6076294277929154	ηa	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	0.15425531914893617	0.1505376344086021	0.14402173913043473	0.13055555555555554	9.5367847411444134E-2	ή	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	0.13696808510638298	0.14650537634408595	0.1671195652173913	0.20972222222222228	0.35149863760217975	mW (kg/s-1)


Temperature efficiencies




U/mW

U	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	-138.52513589825028	-129.92072363644039	-127.50303987085771	-123.86979144550226	-115.92089997157947	mW (kg/s-1)


Heat transfer coefficient (W.m-2K-1)



Qe vs Qa

Qa	0.11544848440248083	0.10300178945271081	8.941093502888682E-2	7.341735602437667E-2	5.2161472482804776E-2	3.6520335535623297E-2	406.09004388572635	351.95711455991267	323.48876293451235	295.13777121799421	246.38471527252833	205.53644839448782	Qe	0.11544848440248083	0.10300178945271081	8.941093502888682E-2	7.341735602437667E-2	5.2161472482804776E-2	3.6520335535623297E-2	-383.87455741247805	-351.32265092186623	-339.26098731012854	-323.69362216003492	-296.00826825465413	-268.3577044922406	mA (kg/s-1)


Q(w)





η/mW

ηw	0.11544848440248083	0.10300178945271081	8.941093502888682E-2	7.341735602437667E-2	5.2161472482804776E-2	3.6520335535623297E-2	0.6076294277929154	0.58959537572254339	0.57434402332361534	0.54810495626822164	0.5	0.45481049562682224	ηa	0.11544848440248083	0.10300178945271081	8.941093502888682E-2	7.341735602437667E-2	5.2161472482804776E-2	3.6520335535623297E-2	9.5367847411444134E-2	9.8265895953757204E-2	0.10495626822157429	0.11661807580174925	0.13662790697674415	0.16326530612244894	ή	0.11544848440248083	0.10300178945271081	8.941093502888682E-2	7.341735602437667E-2	5.2161472482804776E-2	3.6520335535623297E-2	0.35149863760217975	0.34393063583815031	0.33965014577259484	0.33236151603498543	0.3183139534883721	0.30903790087463556	mA (kg/s-1)


Temperature efficiencies




U/mW

U	0.11544848440248083	0.10300178945271081	8.941093502888682E-2	7.341735602437667E-2	5.2161472482804776E-2	3.6520335535623297E-2	-115.92089997157947	-110.29741788701993	-106.26797765818364	-99.565241675929656	-87.811092572362639	-78.192001485035192	mA (kg/s-1)


Heat transfer coefficient (W.m-2K-1)



Qe vs Qa

Qa	0.11552643747307965	0.10353555347776819	8.9471286662507934E-2	7.3065334475991783E-2	5.1656271439341137E-2	3.6526499825571095E-2	290.26017415111261	249.72775498837674	233.78847204913336	212.94891733027819	176.50947950822859	139.49470283385602	Qe	0.11552643747307965	0.10353555347776819	8.9471286662507934E-2	7.3065334475991783E-2	5.1656271439341137E-2	3.6526499825571095E-2	-259.00534131203767	-246.93171469123646	-240.00730694683787	-229.6142325839925	-205.38488744607298	-188.07773131819661	mW (kg/s-1)


Q(w)





η/mW

ηw	0.11552643747307965	0.10353555347776819	8.9471286662507934E-2	7.3065334475991783E-2	5.1656271439341137E-2	3.6526499825571095E-2	0.6	0.59336099585062252	0.57438016528925606	0.5473251028806585	0.49583333333333335	0.45798319327731085	ηa	0.11552643747307965	0.10353555347776819	8.9471286662507934E-2	7.3065334475991783E-2	5.1656271439341137E-2	3.6526499825571095E-2	0.1	9.9585062240663838E-2	0.10743801652892566	0.1193415637860083	0.14166666666666664	0.1596638655462185	ή	0.11552643747307965	0.10353555347776819	8.9471286662507934E-2	7.3065334475991783E-2	5.1656271439341137E-2	3.6526499825571095E-2	0.35	0.3464730290456432	0.34090909090909088	0.33333333333333337	0.31874999999999998	0.30882352941176466	mW (kg/s-1)


Temperature efficiencies




U/mW

U	0.11552643747307965	0.10353555347776819	8.9471286662507934E-2	7.3065334475991783E-2	5.1656271439341137E-2	3.6526499825571095E-2	-114.35516565584953	-112.04180957216158	-106.89678030321132	-99.930182563847424	-87.417088287907987	-78.940094808609729	mW (kg/s-1)


Heat transfer coefficient (W.m-2K-1)
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Complete the same analysis and plot the same charts as described in Experiment 2 - The Effect of
Varying Air Flow Rate to compare how the two water temperatures affect the heat exchanger
performance.

Experimental Conclusions:

Using all the data that you have collected and the analysis you have performed on the three
experiments, describe the key features and properties of heat exchanger performance and how your
results have confirmed (or otherwise) the theoretical background of heat exchangers that you have
learned in the classroom. You should analyse critically the overall results that you have gained from
the three experiments and importantly, detail any errors or experimental discrepancies that you
believe have affected the results. Also comment on how you think the performance of the heat
exchanger could be improved.
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Figure 24 Average Temperatures Around the Heat Exchangers

For most heat transfer equations, and calculations of specific heat capacity and density of water, you
must find the average temperature for the water and air circuits around your heat exchanger. This is the
calculated value of the temperature at a mid-point between the inlet and outlet of the circuit (see Figure
24)





