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[bookmark: _Toc38363327]Introduction
This report investigates the effects of varying the air flow rate and water flow rates within a heat exchanger. This is done by performing various experiments altering certain aspects within a heat exchanger and recording the data gathered. Through analysing the data, we hope to have a greater understanding as to how these changes effect heat exchangers, thus being a great tool that can allow us to improve on their efficiency and operation.
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A heat exchanger is simply a device that transfers heat energy from one place to another (Thermex, 2020). For example, by passing cool air over tubes of hot water, heat energy is transferred from the hot water tubes to the air. Thus, cooling the water down and heating up the air. Heat exchangers are widely used in many different areas, from car radiators to refrigerators and freezers in the house. As a result of their versatility it is important to fully understand how and why they work so that their operation is optimal. 
There are various types of heat exchangers which include: shell and tube heat exchangers, double pipe heat exchangers, plate heat exchangers, condensers, evaporators and boilers (Ronquillo, 2020). But within this report we will be looking at a standard 32 tube heat exchanger. A heat exchanger like this works by having a bundle of tubes with water flowing through them whilst air flows through the bundle thus exchanging heat energy with them. 
When looking at heat transfer within a heat exchanger such as this there are various equations that can be used to calculate different aspects. One important equation is the equation for rate of heat transfer  . This equation shows the relationship between heat transfer rate, mass flow rate, specific heat capacity and change in temperature. It shows that if you increase either the mass flow rate, specific heat capacity or the change in temperature then there will be an increase in the heat transfer rate.  By using the equation for heat transfer rate relating to the heat transfer coefficient  we can see that an increase in the heat transfer rate should also see an increase in the heat transfer coefficient.
Due to the fact that Energy emitted = Energy absorbed + losses to the system, we would expect that increasing the air flow should have the same effect as increasing the water flow as well as all the increases and decreases to be directly proportional as they are all factors of each other.
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1. Setup standard 32 tube heat exchanger for parallel flow and set heater tank to 60°C.
2. Create a table of results to record the following: temperature in and out of water, temperature in and out of air, efficiency of water, efficiency of air, mean efficiency, density of water, density of air, heat capacity of water, heat capacity of air, heat transfer rate of water, heat transfer rate of air, energy balance coefficient, LMTD and heat transfer coefficient.
3. Write down the ambient air pressure.
4. Write down the orifice diameter that is printed on the surface of the orifice.
5. Turn on the fan and by using the side valve change the airflow to give a pressure drop of 250 Pa (+/- 5 Pa)
6. Turn the pump on and turn the water supply valve to set the water flow to 2.25 L/minute (+/- 0.01 L/minute).
7. Wait for at least 5 minutes to allow the heat exchanger to stabilise, then record all the readings.
8. Repeat the above for lower water flow rates.
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1. Setup standard 32 tube heat exchanger for parallel flow and set heater tank to 60°C for experiment 2 and 45°C for experiment 3.
2. Create a table of results to record the following: temperature in and out of water, temperature in and out of air, efficiency of water, efficiency of air, mean efficiency, density of water, density of air, heat capacity of water, heat capacity of air, heat transfer rate of water, heat transfer rate of air, energy balance coefficient, LMTD and heat transfer coefficient.
3. Write down the ambient air pressure.
4. Write down the orifice diameter that is printed on the surface of the orifice.
5. Turn on the fan and by using the side valve change the airflow to give a pressure drop of 250 Pa (+/- 5 Pa)
6. Turn the pump on and turn the water supply valve to set the water flow to 0.25 L/minute (+/- 0.01 L/minute).
7. Wait for at least 5 minutes to allow the heat exchanger to stabilise, then record all the readings.
8. Repeat the above for lower air flow rates.
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Table 1: Experiment 1 results
	Heater Temperature: 60°C
 Orifice ∆p =250

	Hot Flow (L/min)
	TW1
	TW2
	∆TW
	Average TW
	water mass flow
	TA1
	TA2
	∆TA

	1.75
	61
	56
	-5
	58.5
	0.028698438
	25.7
	30.9
	5.2

	1.5
	61
	55.1
	-5.9
	58.05
	0.024604334
	25.8
	30.9
	5.1

	1.25
	60.5
	54
	-6.5
	57.25
	0.020511954
	25.7
	30.6
	4.9

	1
	60.3
	52.4
	-7.9
	56.35
	0.016416994
	25.8
	30.5
	4.7

	0.75
	60.1
	50.1
	-10
	55.1
	0.012320383
	25.8
	30.2
	4.4



Table 2: Experiment 1 results calculation
	Ambient Pressure: 1009mb
 Orifice Diameter: 0.10011 m

	Average TA
	TA3
	ηW
	ηA
	ρW
	ρA
	CpW
	CpA
	Q̇e
	Q̇a
	CEB
	Mean temp efficiency 
	LMTD
	U (W.m-2K-1)

	28.3
	25.3
	14.16430595
	14.73087819
	983.9464422
	1.169727927
	4183.462267
	1005
	-600.2941604
	596.8880599
	-0.994325948
	14.44759207
	29.91069741
	-128.8160939

	28.35
	25.3
	16.76136364
	14.48863636
	984.1733763
	1.169533846
	4183.274835
	1005
	-607.2674885
	585.3608758
	-0.963925925
	15.625
	29.35733202
	-132.7687887

	28.15
	25.3
	18.67816092
	14.08045977
	984.573802
	1.170310557
	4182.948919
	1005
	-557.7029685
	562.592269
	-1.008766854
	16.37931034
	28.72394882
	-124.6210363

	28.15
	25.4
	22.89855072
	13.62318841
	985.0196382
	1.170310557
	4182.593417
	1005
	-542.4583262
	539.6293192
	-0.99478484
	18.26086957
	27.72443835
	-125.5845372

	28
	25.4
	29.15451895
	12.82798834
	985.6306178
	1.170893769
	4182.119257
	1005
	-515.2530983
	505.3107555
	-0.980703963
	20.99125364
	26.44989399
	-125.0343161
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Table 3: Experiment 2 results
	
Heater Temperature:60°C
Water Flow:0.25 l/min

	Air Pressure ∆p (Pa)
	TW1
	TW2
	∆TW
	Average TW
	Air mass flow rate 
	TA1
	TA2
	∆TA

	250
	57.6
	36.7
	-20.9
	47.15
	0.114519563
	25.3
	28.1
	2.8

	200
	58.3
	38.4
	-19.9
	48.35
	0.102361407
	25.4
	28.5
	3.1

	150
	58.9
	39.2
	-19.7
	49.05
	0.088596123
	25.5
	28.8
	3.3

	100
	59.2
	40.5
	-18.7
	49.85
	0.072278404
	25.6
	29.4
	3.8

	50
	59.7
	42.9
	-16.8
	51.3
	0.051011091
	26.3
	30.7
	4.4

	25
	60.3
	44.1
	-16.2
	52.2
	0.036024027
	26.6
	31.8
	5.2



Table 4: Experiment 2 calculations
	Ambient Pressure: 1009mb
Orifice Diameter: 0.10011 m

	Average TA
	TA3
	ηW
	ηA
	ρW
	ρA
	CpW
	CpA
	Q̇e
	Q̇a
	CEB
	Mean temp efficiency
	LMTD
	U (W.m-2K-1)

	26.7
	24.9
	64.70588235
	8.66873065
	989.2839759
	1.175972721
	4179.645898
	1005
	-360.0771053
	322.258049
	-0.894969561
	36.6873065
	17.90970299
	-129.0445512

	26.95
	24.9
	60.48632219
	9.422492401
	988.759049
	1.174411763
	4179.957625
	1005
	-342.6921727
	318.9069632
	-0.930593077
	34.95440729
	19.15169801
	-114.8495893

	27.15
	24.9
	58.98203593
	9.880239521
	988.4483845
	1.173048783
	4180.149861
	1005
	-339.1570368
	293.8290427
	-0.866351014
	34.43113772
	19.71287607
	-110.4290631

	27.5
	24.9
	55.6547619
	11.30952381
	988.0893607
	1.17110275
	4180.378799
	1005
	-321.8416339
	276.0312239
	-0.857661641
	33.48214286
	20.31454209
	-101.6875383

	28.5
	25.2
	50.2994012
	13.17365269
	987.4279359
	1.166640664
	4180.818521
	1005
	-288.9779902
	225.5710431
	-0.780582088
	31.73652695
	21.05012421
	-88.11354013

	29.2
	25
	48.07121662
	15.43026706
	 
	1.163650074
	4181.107311
	1005
	-278.5587982
	188.2615642
	-0.675841386
	31.75074184
	21.23229512
	-84.20783169
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Table 5: Experiment 3 results
	
Heater Temperature: 45°C
Water Flow: 0.25 l/min

	Air Pressure ∆p (Pa)
	TW1
	TW2
	∆TW
	Average TW
	Air mass flow rates 
	TA1
	TA2
	∆TA

	250
	48.9
	34.2
	-14.7
	41.55
	0.114615211
	25.1
	27.3
	2.2

	200
	48.6
	34.6
	-14
	41.6
	0.102463939
	25.2
	27.5
	2.3

	150
	48.1
	34.9
	-13.2
	41.5
	0.08869221
	25.3
	27.7
	2.4

	100
	49
	35.6
	-13.4
	42.3
	0.072368771
	25.4
	28.1
	2.7

	50
	49.1
	37.4
	-11.7
	43.25
	0.051104401
	25.8
	29
	3.2

	25
	49.4
	38.7
	-10.7
	44.05
	0.036080783
	26.4
	30.1
	3.7



Table 6: Experiment 3 calculations
	Ambient Pressure: 1009mb
Orifice Diameter: 0.10011 m

	Average TA
	TA3
	ηW
	ηA
	ρW
	ρA
	CpW
	CpA
	Q̇e
	Q̇a
	CEB
	Mean temp efficiency
	LMTD
	U

	26.2
	24.6
	61.76470588
	9.243697479
	991.6019994
	1.177937916
	4178.505818
	1005
	-253.7841518
	253.4142309
	-0.99854238
	35.50420168
	13.64924008
	-119.3406975

	26.35
	24.6
	59.82905983
	9.829059829
	991.58229
	1.176765687
	4178.513561
	1005
	-241.694836
	236.8453955
	-0.979935689
	34.82905983
	13.66714438
	-113.5068668

	26.5
	24.6
	57.89473684
	10.52631579
	991.6216906
	1.175594632
	4178.498121
	1005
	-227.8919154
	213.9256117
	-0.93871523
	34.21052632
	13.53368379
	-108.0800259

	26.75
	24.6
	56.77966102
	11.44067797
	991.3044508
	1.174032948
	4178.626809
	1005
	-231.2779339
	196.3726591
	-0.849076502
	34.11016949
	14.04465355
	-105.6953095

	27.4
	24.6
	50.21459227
	13.73390558
	990.9217307
	1.170912651
	4178.794686
	1005
	-201.8668501
	164.3517541
	-0.814159205
	31.97424893
	14.60466942
	-88.7167905

	28.25
	24.6
	46.52173913
	16.08695652
	990.5944458
	1.167319676
	4178.948399
	1005
	-184.559087
	134.1663934
	-0.726956313
	31.30434783
	14.63813296
	-80.9249225
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Figure 1: Power emitted and absorbed during experiment 1
 
Figure 2: Temperature efficiencies during experiment 1

Figure 3: Heat transfer coefficients during experiment 1

[bookmark: _Toc38363337]Discussion – Experiment 1
Figure 1 shows the power absorbed by the air and the power emitted by the water at the different water mass flow rates. As we can see there is an increase in power absorbed and emitted by the system as the flow rates increase. You can see that the power is starting the level off at 0.025 kg/s as you would expect it to as it starts to get to its maximum power transfer rate. The maximum power rate would be expected to be reached by around 0.04 kg/s at a value just over 600 watts judging by the trajectory of the graph. Although both lines a relatively close to each other there does appear to be an anomaly where the flow rate reads 1.25 L/minute as the absorbed value is greater than the emitted value. However, this may be due to external factors.
Figure 2 shows the temperature efficiencies for water and air. It shows that the water temperature efficiency decreases with a higher water flow rate whilst the air temperature efficiency increases with a higher water flow rate. It is important to observe how the gradient of the water temperature decrease is much steeper that the gradient of the air temperature efficient increase. This is because as shown in figure 1 the water consistently is outputting more power than the air is absorbing and therefore the water is experiencing a larger temperature change than the air. We can see the mean temperature efficiency line beginning to plateau showing how as the power begins to reach a maximum value the temperature efficiencies also begin to settle down.
Figure 3 shows that the increase in water flow rate has caused the heat transfer coefficient to gently rise throughout the experiment. This would suggest that by increasing the water flow rate we should see in increase in heat exchanger performance.
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Figure 4: Power emitted and absorbed during experiment 2


Figure 5: Temperature efficiencies during experiment 2





Figure 6: Heat transfer coefficient during experiment 2

[bookmark: _Toc38363339]Discussion – Experiment 2
Figure 4 shows how the increase of air flow rate increases both the power emitted by the water as well as the power absorbed by the air. When compared to figure 1 we can see that the increase in air flow rate does not have as big of an impact on the power out put as increasing the water flow rate does. However, we can see the gradient is constant and doesn’t seem to be plateauing. This means that there may be more to gain from increasing the air low rate it just may need to be increased significantly more than what you would for the water flow rate. We can also see the lines converging with one another which would suggest that the higher airflow rates energy losses become minimal and would cause the system to be more efficient.
Figure 5 shows that by increasing the air flow rate the water temperature efficiency increases and the air temperature efficiency decreases. However, the gradient for the decrease is very minimal and consistent causing the mean temperature efficiency to gradually increase. This is backed up by figure 4 where it suggests that the losses to the system become less significant as the airflow rate is increased as that would cause the overall temperature efficiency to increase. 
Figure 6 shows a much steeper increase to the heat transfer coefficient than in figure 3 suggesting that the increase in air flow rate would significantly improve the overall performance of the heat exchanger.
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Figure 7: Power emitted and absorbed during experiment 3


Figure 8: Temperature efficiencies during experiment 3





Figure 9: Heat transfer coefficient during experiment 3

[bookmark: _Toc38363341]Discussion – Experiment 3
When directly comparing the graphs for experiment 2 with the graphs from experiment 3 we can see a significant difference. In figure 7 we can see that the powers are smaller than that of figure 4. This will be due to the lower temperatures resulting in less energy to be transferred and thus the lower power emission and absorption rates. However, looking at figures 9 and 8 and comparing them with Figures 6 and 5 we can see that there is not much difference at all. This is because LMTD takes the temperature into account along with the lower power being produced, hence why the trends are similar.

[bookmark: _Toc38363342]Conclusion
In conclusion we can see that an increase in both airflow rate and water flow rate shows an increase in the power emitted and absorbed by the system. We can also see that by increasing the air flow rate we significantly reduce the losses to the system and thus have a more efficient heat exchanger. Finally, we have seen that by decreasing the water temperature we have seen a drop in power emission and absorption whilst the efficiency of the heat exchanger not being affected. Overall, we can use the evidence gathered throughout these experiments to ensure that a heat exchanger is performing optimally.
[bookmark: _Toc38363343]Evaluation 
Overall, the experiments were a success as the overall trends that they showed were inline with what was suggested in the theory described in the research. However, there are a few things that went wrong leading to the anomalies in figure 4 and figure 1. To prevent these anomalies from occurring whilst also providing better data there are things that could be changed or done differently in order to improve on the data gathered to make it more consistent and informative.
One thing that could be changed is the range of flow rates that are taken as well as the quantity. An issue that was encountered when analysing the data was that there was not enough data to clearly show a trend. By increasing the range and the number of values collected your able to show a much clearer pattern throughout the experiments thus making the analysis more robust and justified.
Another thing that could be changed to provide better results is the tolerance allowed with the variables that are changed within the heat exchanger. For example, the water flow rate was allowed a tolerance of +/- 0.01. Now if we took that tolerance for a reading of 0.75 that is only an error of 1.3% however these are values that are used throughout the analysis and used in many equations. As the values are used the equations required the error increases in its effect thus causing significant anomalies within the data.
Finally, another thing that could be changed is introducing repetition for the data sets and then using the average of those data sets for the analysis. By doing this you can flatten the effect of any anomalies that occur as well as adding extra proof that your data is consistent and therefore reliable.
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Power

Power absorbed by air	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	596.88805992825473	585.36087580131107	562.59226897292206	539.62931921892493	505.31075554439508	Power emitted by water	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	-600.29416035421946	-607.26748848251464	-557.70296847160137	-542.45832618338318	-515.25309831284198	Water mass flow rate (kg/s)


Air power (Watts)


Water power (Watts)




Temperature Efficiency

Water temperature efficiency	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	14.164305949008499	16.76136363636363	18.678160919540232	22.898550724637676	29.154518950437318	Air temperature efficiency	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	14.730878186968837	14.488636363636356	14.080459770114951	13.623188405797098	12.827988338192418	Mean temperature efficiency	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	14.447592067988669	15.624999999999993	16.379310344827591	18.260869565217387	20.991253644314867	Water mass flow rate (kg/s)


Temperature efficiency (%)




 Heat transfer coefficient

U	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	-128.81609391675752	-132.7687886527807	-124.62103634117832	-125.58453715724097	-125.03431605862811	Water mass flow rate (kg/s)


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



Power

Air power	0.11451956254384617	0.10236140691526603	8.8596123236624275E-2	7.2278403745514919E-2	5.1011090697810971E-2	3.6024026824215634E-2	322.25804899838323	318.90696324451147	293.82904271426446	276.03122390412125	225.57104306572006	188.26156418335088	Water power	0.11451956254384617	0.10236140691526603	8.8596123236624275E-2	7.2278403745514919E-2	5.1011090697810971E-2	3.6024026824215634E-2	-360.07710532427382	-342.69217265444939	-339.15703683122848	-321.84163393368488	-288.97799016964927	-278.55879823623764	Air mass flow rate (kg.s-1)


Air Power (Watts)


Water Power (Watts)




Temperature Efficiency


Water efficiency	0.11451956254384617	0.10236140691526603	8.8596123236624275E-2	7.2278403745514919E-2	5.1011090697810971E-2	3.6024026824215634E-2	64.705882352941174	60.486322188449847	58.982035928143702	55.654761904761905	50.299401197604801	48.071216617210681	Air efficiency	0.11451956254384617	0.10236140691526603	8.8596123236624275E-2	7.2278403745514919E-2	5.1011090697810971E-2	3.6024026824215634E-2	8.6687306501548012	9.4224924012158091	9.8802395209580869	11.309523809523801	13.173652694610771	15.43026706231454	Mean efficiency	0.11451956254384617	0.10236140691526603	8.8596123236624275E-2	7.2278403745514919E-2	5.1011090697810971E-2	3.6024026824215634E-2	36.687306501547987	34.954407294832826	34.431137724550894	33.482142857142854	31.736526946107787	31.750741839762611	Air mass flow rate (kg.s-1)


Temperature Efficiency (%)





Heat transfer coefficient	0.11451956254384617	0.10236140691526603	8.8596123236624275E-2	7.2278403745514919E-2	5.1011090697810971E-2	3.6024026824215634E-2	-129.04455121304258	-114.84958932584586	-110.42906305401226	-101.68753828156699	-88.113540128597251	-84.207831688850362	Air mass flow rate (kg.s-1)



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



Power

Air power	0.11461521073770499	0.10246393923504395	8.8692210496506704E-2	7.2368770611912173E-2	5.1104401160375457E-2	3.6080783483619205E-2	253.41423094106563	236.84539554180415	213.92561171757404	196.3726590554239	164.35175413176742	134.16639338383814	Water power	0.11461521073770499	0.10246393923504395	8.8692210496506704E-2	7.2368770611912173E-2	5.1104401160375457E-2	3.6080783483619205E-2	-253.78415180335998	-241.69483599512751	-227.89191538648771	-231.27793393159149	-201.86685005540022	-184.55908700991094	Air mass flow rate (kg.s-1)


Air power (Watts)


Water power (Watts)




Temperature Efficiency

Air efficiency	0.11461521073770499	0.10246393923504395	8.8692210496506704E-2	7.2368770611912173E-2	5.1104401160375457E-2	3.6080783483619205E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	Water efficieny 	0.11461521073770499	0.10246393923504395	8.8692210496506704E-2	7.2368770611912173E-2	5.1104401160375457E-2	3.6080783483619205E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	Mean efficieny	0.11461521073770499	0.10246393923504395	8.8692210496506704E-2	7.2368770611912173E-2	5.1104401160375457E-2	3.6080783483619205E-2	35.504201680672267	34.82905982905983	34.21052631578948	34.110169491525426	31.97424892703863	31.304347826086953	Air mass flow rate (kg.s-1


Temperature Efficiency (%)





Heat transfer coefficient	0.11461521073770499	0.10246393923504395	8.8692210496506704E-2	7.2368770611912173E-2	5.1104401160375457E-2	3.6080783483619205E-2	-119.34069754191451	-113.50686679316122	-108.08002589884165	-105.69530953968653	-88.716790497676598	-80.924922497120448	Air mass flow rate (kg.s-1)


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



