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1. Introduction

[bookmark: _Toc38867385]1.1 Background

	Heat Exchangers are used every day by millions of people across the globe, from air conditioning units in warehouses and radiators in vehicles, to under-floor heating, refrigeration units and various other systems. The main purpose of a heat exchanger is to transfer energy in the form of heat between two fluids (liquid or gas), having the effect of either cooling or heating the desired fluid depending on purpose, without the two fluids having to make direct contact with each other.
 In the case of underfloor heating, hot water is passed through pipes hidden beneath the floor and the heat from the water is absorbed into the pipes as the water flows through the process of conduction. This increases the thermal energy (heat/temperature) of the pipe and then the pipe begins to emit/ transfer the increase in energy to the surroundings area (air gap) via convection which heats the ground. 
For an example where heat exchangers are used to cool an area, one can be seen in the case of a motorcycle radiator. Fluid (Coolant/water) circulates through tubes around the cylinder head of the engine, absorbing some of the heat produced by the engine as it flows through. This now heated fluid is then passed through the radiator, which is exposed to the surrounding cooler air and begins to decrease in thermal energy (cool down).  The fluid from the radiator now travels back to the engine with the now reduced temperature, ready to absorb the heat energy from the engine again and to start the process over, thus cooling the engine or at least maintaining the temperature. If the coolant level is too low (flow) or the radiator is damaged/insufficient size (less surface area) , the engine will continue to increase in temperature as the fluid will not be able to absorb enough thermal energy (heat) from the engine or dissipate the thermal energy through the reduced surface area of the radiator.







[bookmark: _Toc38867386]2. Aims
[bookmark: _Toc38867387]2.1 Module Aims

	The focus for the assignment was to develop an understanding of the principles of heat transfer by performing three separate experiments, which explored the effects of altering the fluid flow and temperature for a water to air heat exchanger and  then comparing the results in relation to thermodynamic theory.
This would lead to an increased understanding of the heat transfer thermodynamic process and the criteria or conditions required/ needed to achieve desired results in future applications.

[bookmark: _Toc38867388]2.2 Experiment Aims
	
[bookmark: _Toc38867389]2.2.1 Experiment 1

The aim of this experiment was to establish how altering the flow rate of the water affected the performance of the water to air heat exchanger, when the air flow rate and water temperature remained constant.

[bookmark: _Toc38867390]2.2.2 Experiment 2

	For this experiment, the temperature of the water and the flow rate of the water were both fixed and the air flow rate was now altered with the aim of investigating how the performance of the heat exchanger was affected.

[bookmark: _Toc38867391]2.2.3 Experiment 3
	
For the final experiment, the process was similar to experiment 2 but repeated using a different temperature for the water. The flow rate for the water remained the same as experiment 2, as did the air flow rate. The aim for this experiment was to establish how the change in temperature of the water affected the performance of the water to air heat exchanger.



[bookmark: _Toc38867392]3. Methodology

[bookmark: _Toc38867393]3.1 Experiment 1 – The Effect of Varying Water Flow Rate
	
This experiment was performed in accordance with the supplied brief handout and experiment notes (HX_Experiment Notes.pdf).  
In summary:
· First, the 32-tube heat exchanger was set up and connected as for parallel flow.
· Next, the temperature for the heater tank was set to 60 degrees Celsius.
· The ambient air pressure and orifice diameter were both checked and noted.
· The fan was turned on and the orifice pressure drop was set to 250 Pa by adjusting the slide valve.
· The pump was engaged and the water flow rate was manually set to 2.25 l/minute via the water supply valve.
· A time period of 5 minutes was left to allow the readings to stabilise.
· Readings were observed and noted in the corresponding tables (see results).
· The procedure was then repeated another four times, reducing the water flow rate each time to 1.75, 1.25, 0.75 and 0.25 l/min respectively.

[bookmark: _Toc38867394]3.2 Experiment 2 – The Effect of Varying Air Flow Rate

For this experiment the heat exchanger was left in the same configuration as experiment 1 above (parallel flow). The temperature of the heater tank was checked and remained set to 60 degrees Celsius. The following methodology was then carried out:
· The ambient air pressure and orifice diameter were recorded.
· The fan was then activated, and the air flow was set via the slide valve to give an orifice pressure drop of 250 Pa.
· The pump was engaged and the water supply flow rate was manually adjusted to 0.25 l/minute using the water supply valve.
· The heat exchanger was left untouched for 5 minutes to allow stabilisation of readings.
· Readings were then observed and recorded.
· The experiment was then repeated four times, adjusting for different air flow rates of 200, 150, 100 and 50 Pa pressure drop at the orifice.
[bookmark: _Toc38867395]3.3 Experiment 3 – The Effect of Varying Temperature

Experiment 3 was conducted following the exact same process as in Experiment 2; however, the temperature of the heater tank was changed from 60 to 45 degrees Celsius. Results were recorded for pressure drops of 250, 150, 100 and 50 Pa pressure drop at the orifice.
[bookmark: _Toc38867396]4. Results

[bookmark: _Toc38867397]4.1 Experiment 1 Setup Parameters

Table 1 - Experiment 1 Parameters
	Pipe Connection:
	Parallel 
(32 tubes)
	

	Heater Temperature:
	60 Deg. C
	333.1k

	Water Flow Rate:
	See Table 2
	

	Heat Exchanger Total Surface Area:
	0.1558m^2
	

	Cd Value:
	0.6
	

	Ambient Pressure
	1010 mbar
	101,000 Pascals

	Orifice Diameter:
	100.11mm
	0.10011m

	Orifice Pressure Drop: 
	250 Pa
	

	Orifice Area:
	0.00787127m^2
	

	Orifice Radius: 
	0.050055
	

	Gas Constant R = 
	287 J/kg.k
	(Dry Air)



Table 1 shows the settings used for the heat exchanger when performing Experiment 1.










[bookmark: _Toc38867398]4.1.1 Experiment 1 Results Tables

Table 2 - Experiment 1 Results (Recorded)
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Table 3 - Experiment 1 Results Continued (Calculated in Excel)
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Table 4 - Air and Water Mass Flow Rate Experiment 1
	Mass Air Flow Rate
	Mass Water Flow Rate

	
	

	Ṁa
	Ṁw

	kg.s^-1

	0.1138
	0.0328

	0.1138
	0.0287

	0.1138
	0.0246

	0.1138
	0.0205

	0.1138
	0.0164
















[bookmark: _Toc38867399]4.2 Experiment 2 Setup Parameters

Table 5 - Experiment 2 Parameters
	Pipe Connection:
	Parallel 
(32 tubes)
	

	Heater Temperature:
	60 Deg. C
	333.1k

	Water Flow Rate:
	0.25 L/Min
	

	Heat Exchanger Total Surface Area:
	0.1558m^2
	

	Cd Value:
	0.6
	

	Ambient Pressure
	1010 mbar
	101,000 Pascals

	Orifice Diameter:
	100.11mm
	0.10011m

	Initial Orifice Pressure Drop: 
	250 Pa
	See Table 6 for other values

	Orifice Area:
	0.00787127m^2
	

	Orifice Radius: 
	0.05006m
	

	Gas Constant R = 
	287 J/kg.k
	(Dry Air)



Table 5 shows the settings used for the heat exchanger when performing Experiment 2.









[bookmark: _Toc38867400]4.2.1 Experiment 2 Results Tables

Table 6 - Experiment 2 Results (Recorded)
[image: ]

Table 7 - Experiment 2 Results Continued (Calculated in Excel)
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Table 8 - Air and Water Mass Flow Rate Experiment 2
	Mass Air Flow Rate
	Mass of Water at 0.25 l/min for density

	
	

	Ṁa
	Ṁw

	kg.s^-1

	0.113926
	0.004124

	0.113995
	0.004124

	0.113976
	0.004124

	0.113982
	0.004123

	0.113951
	0.004122

	0.113800
	0.004121


*NB the use of 6 decimal places was needed to identify the difference of Mass Water.


[bookmark: _Toc38867401]4.3 Experiment 3 Setup Parameters 

Table 9 - Experiment 3 Setup Parameters
	Pipe Connection:
	Parallel 
(32 tubes)
	

	Heater Temperature:
	45 Deg. C
	318.15k

	Water Flow Rate:
	0.25 L/Min
	

	Heat Exchanger Total Surface Area:
	0.1558m^2
	

	Cd Value:
	0.6
	

	Ambient Pressure
	1010 mbar
	101,000 Pascals

	Orifice Diameter:
	100.11mm
	0.10011m

	Initial Orifice Pressure Drop: 
	250 Pa
	See Table 10 for other values

	Orifice Area:
	0.00787127m^2
	

	Orifice Radius: 
	0.05006m
	

	Gas Constant R = 
	287 J/kg.k
	(Dry Air)



Table 9 shows the setup parameters for Experiment 3.
 Note: The setup is completely identical to Experiment 2, besides the heater temperature has now been changed to 45 degrees C.



[bookmark: _Toc38867402]4.3.1 Experiment 3 Results Tables
[image: ]Table 10 - Experiment 3 Results (Recorded)

[image: ]Table 11 - Experiment 3 Results Continued (Calculated in Excel)


Table 12 - Air and Water Mass Flow Rate Experiment 3
	Mass Air Flow Rate
	Mass of Water at 0.25 l/min for density

	
	

	Ṁa
	Ṁw

	kg.s^-1

	0.114020
	0.004133

	0.113982
	0.004133

	0.113932
	0.004133

	0.113907
	0.004132

	0.113850
	0.004131

	0.113744
	0.004130





[bookmark: _Toc38867403]5. Experiment Analysis

[bookmark: _Toc38867404]5.1 Experiment 1 – Outcome and Modelled Charts

[bookmark: _Toc38867405]5.1.1 Chart 1



Flow rates calculated for 2, 1.75, 1.5, 1.25 and 1 L/Min (See Table 2)
[image: ]

When the heat emitted by the heat exchanger and the power absorbed into the air are plotted on a graph against an increasing water mass flow rate, an overall gradual increase in the rate of energy emitted (power) by the water can be seen as the flow rate increases.
When the mass flow rate of water is 0.032802 kg.S^-1, the heat energy emitted  by the water is almost 603.78 W.  At 0.016413 kg.S^-1, almost half the mass flow rate,  the heat energy emitted by the water is only 528.62 W – a reduction of 75.16 W. 

 





[bookmark: _Toc38867406]5.1.2 Chart 2







    






	Ƞw
	Ƞa
	ή

	MTE %
	MTE %
	 

	13.41463
	14.93902
	14.17683

	14.74926
	15.04425
	14.89676

	16.61721
	14.54006
	15.57864

	19.46108
	14.37126
	16.91617

	23.47561
	13.71951
	18.59756



This chart shows the mean temperature efficiencies against water mass flow rate. As the flow rate of the water increases, the mean temperature efficiency of the water decreases and the mean temperature efficiency of the air increases.  The average efficiency for them both combined increases as the water flow rate decreases.


[bookmark: _Toc38867407] 5.1.3 Chart 3

















	U
	Ṁw

	 
	 

	12.87301
	0.032802

	12.76919
	0.028694

	12.2779
	0.0246

	11.90973
	0.020508

	11.33321
	0.016413



This chart shows the correlation between the Heat Transfer Co-efficient (U) and the Water Mass Flow Rate. It is shown that the heat transfer coefficient and water mass flow rate are directly linked to each other and have positive correlation, suggesting a directly proportional relationship between the two variables. As the mass flow rate of the water is increased, so too is the value for the heat transfer co-efficient. 





[bookmark: _Toc38867408]5.3 Experiment 2 – Outcome and Modelled Charts

[bookmark: _Toc38867409]5.3.1 Chart 1

[bookmark: _Toc38867410]

	Ṁa
	Qw
	Ԛa

	Kg.s^-1
	J
	 J

	0.113926
	346.413853
	332.036578

	0.113995
	337.817704
	343.694559

	0.113976
	330.906923
	355.092262

	0.113982
	320.529962
	400.932737

	0.113951
	296.329530
	480.986617

	0.113800
	275.585675
	537.536019


Note: Use of 6 dp to help distinguish differences




[bookmark: _Toc38867411]5.3.2 Chart 2
 
	Ƞw
	Ƞa
	ή

	MTE %
	MTE %
	 

	62.42
	9.01
	35.71

	61.25
	9.38
	35.31

	60.38
	9.75
	35.06

	57.94
	10.90
	34.42

	53.25
	13.00
	33.13

	50.00
	14.69
	32.34






[bookmark: _Toc38867412]5.3.3 Chart 3

[bookmark: _Toc38867413]
	Ma
	U

	0.113926
	7.627377

	0.113995
	7.435832

	0.113976
	7.283491

	0.113982
	7.043211

	0.113951
	6.494751

	0.1138
	6.036264
















[bookmark: _Toc38867414]5.4. Analysis of Experiment 2 Results

The charts produced from this experiment were a little confusing at first, as they don’t seem to show any obvious trends and the graph produced is erratic and not as expected, when the air, water and mean temperature efficiencies are plotted against the calculated mass air flow rate. This could be due to calculated error or a systematic error in how the experiment was performed. 
However, when the air, water and mean temperature efficiencies are plotted against the orifice pressure drop, the results become clearer. The graph suggests the mean temperature efficiency of the water increases as the pressure drop at the orifice decreases. The mean temperature efficiency of the air decreases as the orifice pressure drop increases.
It is also worth mentioning that the heat transfer co-efficient increases from 6.03 at a pressure drop of 25 Pa to 7.63 at 250 Pa. 




[bookmark: _Toc38867415]5.5 Experiment 3 – Outcome and Modelled Charts

[bookmark: _Toc38867416]5.5.1 Chart 1



	Ma
	Qw
	Qa

	0.1140
	227.9682
	217.7213

	0.1140
	219.3226
	240.5596

	0.1139
	214.1213
	251.9037

	0.1139
	203.7411
	263.2958

	0.1139
	184.7128
	308.9332

	0.1137
	169.1436
	354.3697



Chart 1 for Experiment 3 shows a positive trend between the heat emitted/absorbed and the mass air flow rate. As the mass air flow rate increases, as does the amount of heat emitted and absorbed by the water and air from the heat exchanger. At 0.1140 kg.m^-1 mass air flow, the heat emitted by the water is 227.97 W and the heat absorbed by the air is 217.72W. At 0.1137 kg.m^-1 mass air flow, the heat emitted by the water is 169.14W and the heat absorbed by the air is 354.37W. 



[bookmark: _Toc38867417]5.5.2 Chart 2


	Ƞw
	Ƞa
	ή

	MTE %
	MTE %
	 

	61.97
	8.92
	35.45

	60.48
	10.00
	35.24

	59.05
	10.48
	34.76

	56.46
	11.00
	33.73

	51.44
	12.98
	32.21

	47.57
	15.05
	31.31



	Chart 2 for Experiment 3 shows that, as mass air flow rate is increased by the heat exchanger, the temperature efficiency percentage of the water increases, as does the overall mean temperature efficiency percentage. The temperature efficiency of the air decreases by the same amount that the temperature efficiency of the water increases and so they share an inverse relationship, with respect to the increase of mass air flow.







[bookmark: _Toc38867418]5.5.3 Chart 3


	Ma
	U

	Kg.s^-1
	

	0.11402
	5.13

	0.11398
	4.93

	0.11393
	4.81

	0.11391
	4.58

	0.11385
	4.14

	0.11374
	3.79



	Chart 3 shows the Heat Transfer Co-efficient when plotted against the Mass Air Flow. An upwards positive trend can be seen as the heat transfer co-efficient increases as the mass air flow rate increases.  This indicates the greater the flow of air, or if the density of surrounding air increases, the more heat energy will be emitted by the water and the more energy will be absorbed by the air. This makes the heat exchanger more effective the greater the mass air flow rate.






[bookmark: _Toc38867419]5.6. Comparison between Experiment 2 and Experiment 3

[bookmark: _Toc38867420]5.6.1 Chart 1 


	Experiment 2
	
	
	
	Experiment 3
	
	

	Ma
	Qw
	Qa
	
	Ma
	Qw
	Qa

	Kg.m^-1
	W
	W
	
	Kg.m^-1
	W
	W

	0.113926
	346.4139
	332.037
	
	0.11402
	227.9682
	217.721

	0.113995
	337.8177
	343.695
	
	0.113982
	219.3226
	-240.56

	0.113976
	330.9069
	355.092
	
	0.113932
	214.1213
	251.904

	0.113982
	320.53
	400.933
	
	0.113907
	203.7411
	263.296

	0.113951
	296.3295
	480.987
	
	0.11385
	184.7128
	308.933

	0.1138
	275.5857
	537.536
	
	0.113744
	169.1436
	-354.37

	
	
	
	
	
	
	


This graph compares the heat emitted by the heat exchanger and the power absorbed into the air in relation to mass air flow rate between Experiments 2 and 3. It shows that the results obtained from Experiment 3, which was carried out with the heater set at 45 degrees Celsius, have a smaller range of scope than the results obtained from Experiment 2,  where the heater was set at 60 degree Celsius. It can also be determined from the calculations for the energy emitted and absorbed by the water and air respectively, that the rate at which the heat exchanger transfers heat energy from the water to the air, increases with increased temperature and that performance of the heat exchanger is best when there is a large temperature difference between the water and air.

[bookmark: _Toc38867421]5.6.2 Chart 2


	Experiment 2
	
	
	
	Experiment 3
	
	

	Ƞw
	Ƞa
	ή
	
	Ƞw
	Ƞa
	ή

	MTE %
	MTE %
	
	
	MTE %
	MTE %
	

	62.42236
	9.006211
	35.71429
	
	61.97183
	8.920188
	35.44601

	61.25
	9.375
	35.3125
	
	60.47619
	10
	35.2381

	60.37736
	9.748428
	35.06289
	
	59.04762
	10.47619
	34.7619

	57.94393
	10.90343
	34.42368
	
	56.45933
	11.00478
	33.73206

	53.25077
	13.0031
	33.12693
	
	51.44231
	12.98077
	32.21154

	50
	14.6875
	32.34375
	
	47.57282
	15.04854
	31.31068



[bookmark: _Toc38867422]5.6.3 Chart 3


	Experiment 2
	
	
	
	Experiment 3
	

	Ma
	U
	
	
	Ma
	U

	0.113926
	7.627377
	
	
	0.11402
	5.127146

	0.113995
	7.435832
	
	
	0.113982
	4.934493

	0.113976
	7.283491
	
	
	0.113932
	4.81484

	0.113982
	7.043211
	
	
	0.113907
	4.57709

	0.113951
	6.494751
	
	
	0.11385
	4.143692

	0.1138
	6.036264
	
	
	0.113744
	3.792531



This graph shows the comparison of Heat Transfer Co-efficient for Experiment 2 and 3. As the mass air flow rate increases, the heat transfer co-efficient values also both increase.  The value for U in experiment 2 is higher, due to the increased temperature the water tank was set on the heat exchanger compared to how it was set for experiment 3.






[bookmark: _Toc38867423]6. Conclusion

In conclusion, on completion of the three experiments discussed in this report, the aims have been achieved and the goals and objectives have been met. Upon analysis of the results, the relationships between air flow rate, the temperatures involved and fluid density and the affects that each parameter inflicts on the other have been explored and how this all relates to the performance of the water to air heat exchanger.
To summarise, experiment one demonstrated that increasing  the water flow rate and therefore increasing the mass of water flowing through the heat exchanger, increased the performance and more heat energy was emitted by the water and more heat energy was absorbed by the air. Experiments 2  and 3 emphasized the effect of varying air flow rate and temperature and how that also affects the performance of the heat exchanger, being that it performs better or is more ‘powerful’ (higher rate of energy transfer) when there is either a large air pressure drop or a significant temperature difference between the two fluids (air and water).
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Chart to Show the Heat Emitted by Heat Exchanger and the Power Absorbed into the Air in Relation to the Water Mass Flow Rate


Qw	
3.2801581730152775E-2	2.869400561652247E-2	2.4599924425466747E-2	2.0507793179015542E-2	1.6412876013109538E-2	603.77431410283089	600.21961208652419	576.3062183163463	557.61140037895188	528.61735701980103	Qa	
3.2801581730152775E-2	2.869400561652247E-2	2.4599924425466747E-2	2.0507793179015542E-2	1.6412876013109538E-2	-560.17888116143229	-583.23565362335796	-560.36366720675539	-548.97295572045289	-514.44999290335591	Water Mass Flow (kg.S^-1)


Heat Emitted by Heat Exchanger  and the Power Absorbed into the Air (Watts)





Chart to Show Air, Water and Mean Temperature Efficiencies Against Water Mass Flow

Ƞw	3.2801581730152775E-2	2.869400561652247E-2	2.4599924425466747E-2	2.0507793179015542E-2	1.6412876013109538E-2	13.414634146341461	14.749262536873156	16.617210682492583	19.461077844311379	23.475609756097569	Ƞa	3.2801581730152775E-2	2.869400561652247E-2	2.4599924425466747E-2	2.0507793179015542E-2	1.6412876013109538E-2	14.93902439024391	15.044247787610624	14.540059347181003	14.371257485029931	13.719512195121949	ή	3.2801581730152775E-2	2.869400561652247E-2	2.4599924425466747E-2	2.0507793179015542E-2	1.6412876013109538E-2	14.176829268292686	14.89675516224189	15.578635014836793	16.916167664670656	18.59756097560976	Water Mass Flow Rate (kg.S^-1)


Temperature Efficiencies (%)




Heat Transfer Co-efficient Against Water Mass Flow Rate

U	3.2801581730152775E-2	2.869400561652247E-2	2.4599924425466747E-2	2.0507793179015542E-2	1.6412876013109538E-2	12.873006460449146	12.769187040820608	12.277899799335557	11.909734067520395	11.333209386180261	Water Mass Flow Rate (kg.S^-1)


Heat Transfer Co-efficient
(U)




Chart to Show Heat Emitted by the Heat Exchanger and the Power Absorbed into the Air in Relation to Mass Air Flow Rate

Qw	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	346.41385318886154	337.8177039091504	330.906923394128	320.52996191378486	296.32952968120702	275.58567483424343	Ԛa	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	-332.0365783221049	-343.69455881339707	-355.0922621072533	-400.93273710457601	-480.98661685868461	-537.5360191429437	Mass Air Flow Rate (kg.s^-1)


Heat Emitted/ Absorbed W




Air, Water and Mean Temperature Efficiencies Against Mass Air Flow


Ƞw	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	62.422360248447205	61.250000000000007	60.377358490566046	57.943925233644869	53.250773993808039	50.000000000000014	Ƞa	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	9.0062111801242182	9.375	9.7484276729559802	10.903426791277258	13.003095975232187	14.6875	ή	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	35.714285714285708	35.3125	35.062893081761011	34.423676012461065	33.126934984520112	32.343750000000007	Mass Air Flow (kg.s^-1)


Temperature Efficiences %




Graph to Show Air, Water and Mean Temperature Efficiencies Against  Orifice Pressure Drop
 

Ƞw	250	200	150	100	50	25	62.422360248447205	61.250000000000007	60.377358490566046	57.943925233644869	53.250773993808039	50.000000000000014	Ƞa	250	200	150	100	50	25	9.0062111801242182	9.375	9.7484276729559802	10.903426791277258	13.003095975232187	14.6875	ή	250	200	150	100	50	25	35.714285714285708	35.3125	35.062893081761011	34.423676012461065	33.126934984520112	32.343750000000007	Orifice Pressure Drop (Pa) 


Mean Temperature Efficiencies (%)




Graph to Show Heat Transfer Co-efficient Against Mass Air Flow

U	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	7.6273768850404311	7.4358315109177946	7.2834905940697716	7.0432107732831346	6.4947512119507076	6.0362636983631344	Mass Air Flow (kg.s^-1)


Heat Transfer Co-efficient U




Heat Transfer Co-efficient  Against Orifice Pressure Drop 

U	250	200	150	100	50	25	7.6273768850404311	7.4358315109177946	7.2834905940697716	7.0432107732831346	6.4947512119507076	6.0362636983631344	Orifice Pressure Drop (Pa)


Heat Transfer Coefficient, U




Chart to Show Heat Emitted by the Heat Exchanger and the Power Absorbed into the Air in Relation to Mass Air Flow Rate


Qw	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	227.96824937932507	219.32263037877087	214.12132603491099	203.74110978587089	184.7128026435401	169.14356362161163	Qa	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	-217.72128532887507	-240.55964226274577	-251.90370276684897	-263.29582205822697	-308.93323929714234	-354.36967570202194	Mass Air Flow Rate (kg.m^-1)


Heat Emitted/ Absorbed W




Air, Water and Mean Temperature Efficiencies Against Mass Air Flow


Ƞw	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	61.971830985915503	60.476190476190496	59.047619047619058	56.459330143540662	51.442307692307708	47.572815533980574	Ƞa	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	8.9201877934272229	10.000000000000005	10.476190476190471	11.004784688995221	12.980769230769226	15.048543689320379	ή	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	35.44600938967136	35.238095238095248	34.761904761904766	33.732057416267942	32.211538461538467	31.310679611650478	Mass Air Flow Rate (kg.s^-1)


Temperature Efficiencies %




Graph to Show Heat Transfer Co-efficient Against Mass Air Flow


U	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	5.1271458302343502	4.9344927268800429	4.8148397383799146	4.577089767694738	4.1436915097911458	3.7925311449179731	Mass Air Flow Rate (kg.s^-1)


Heat Transfer Co-efficient,U




Chart to Show Heat Emitted by the Heat Exchanger and the Power Absorbed into the Air in Relation to Mass Air Flow Rate
 Experiment 2 Vs. Experiment 3


QWE3	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	227.96824937932507	219.32263037877087	214.12132603491099	203.74110978587089	184.7128026435401	169.14356362161163	QAE3	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	-217.72128532887507	-240.55964226274577	-251.90370276684897	-263.29582205822697	-308.93323929714234	-354.36967570202194	QWE2	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	346.41385318886154	337.8177039091504	330.906923394128	320.52996191378486	296.32952968120702	275.58567483424343	QAE2	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	-332.0365783221049	-343.69455881339707	-355.0922621072533	-400.93273710457601	-480.98661685868461	-537.5360191429437	Mass Air Flow Rate (kg.s^-1)


Heat Emitted/Absorbed,Q (Watts)




Air, Water and Mean Temperature Efficiencies Against Mass Air Flow
 Experiment 2 Vs. Experiment 3


NwE3	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	61.971830985915503	60.476190476190496	59.047619047619058	56.459330143540662	51.442307692307708	47.572815533980574	NAE3	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	8.9201877934272229	10.000000000000005	10.476190476190471	11.004784688995221	12.980769230769226	15.048543689320379	n'E3	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	35.44600938967136	35.238095238095248	34.761904761904766	33.732057416267942	32.211538461538467	31.310679611650478	NWE2	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	62.422360248447205	61.250000000000007	60.377358490566046	57.943925233644869	53.250773993808039	50.000000000000014	NAE2	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	9.0062111801242182	9.375	9.7484276729559802	10.903426791277258	13.003095975232187	14.6875	n'E2	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	35.714285714285708	35.3125	35.062893081761011	34.423676012461065	33.126934984520112	32.343750000000007	Mass Air Flow Rate (kg.s^-1)


Temperature Efficiencies %





Graph to Show Heat Transfer Co-efficient Against Mass Air Flow
Experiment 2 Vs. Experiment 3


UE3	0.11402004992347485	0.11398229910577855	0.1139320229610353	0.113906909824022	0.1138504659285581	0.11374407822244333	5.1271458302343502	4.9344927268800429	4.8148397383799146	4.577089767694738	4.1436915097911458	3.7925311449179731	UE2	0.1139257431196106	0.11399487854507365	0.11397601094760171	0.11398229910577855	0.11395086871800168	0.11380036395531784	7.6273768850404311	7.4358315109177946	7.2834905940697716	7.0432107732831346	6.4947512119507076	6.0362636983631344	Mass Air Flow Rate (kg.s^-1)


Heat Transfer Co-efficient, U
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