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[bookmark: _Toc38857712]Introduction

[bookmark: _Toc38857713]Aims
Within this report, the author discusses the effects of altering variables in a thermodynamic heat exchanger affects its functioning. Variables to be altered include water mass flow rate given fixed airflow and water temperature, air mass flow rates given fixed water flow and temperature and water temperature given fixed water flow. One aims to discuss the principles behind the theory and compare with results from the experiments.

[bookmark: _Toc38857714]Objectives
Students were given the task of completing experiments using the TecQuipment 32-tube, parallel-flow, water to air heat exchanger. The lab session is split into 3 experiments. Firstly, students were to adjust the mass flow rate of the fluid from 1.75l/min to 0.75l/min through increments of 0.25l/min. The second and third experiments adjust the air pressure from 250Pa down to 25Pa through increments of 50 until 50Pa is reached, then 25. Each experiment is to be performed at given temperatures of 60°C and 45°C, respectively.
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Figure 1 – TecQuipment 32 tube, water to air heat exchanger (TecQuipment, 2020)

[bookmark: _Toc38857715]Background

A heat exchanger is a system that is used to exchange thermal energy between two fluids. The two fluids are a part of two separate systems therefore the fluids do not mix and there is no exchange of mass across the system boundaries. Examples of heat exchangers in the automotive industry could be vehicle radiators, intercoolers, and exhaust gas recirculation valves. These help to transfer thermal energy from one fluid to another, whether that fluid be water/coolant, gases or oil. There are many different types of heat exchangers, and second year students at the University of Wales Trinity Saint David concentrate on recuperative heat exchangers. A recuperative heat exchanger is one which transfers heat from one fluid to another by way of a dividing wall, generally referred to as the ‘interface’ (Goodson, Fundamentals of Heat Exchangers, 2020). Although this report concentrates on cross flow heat exchangers, which are the most effective type, there are other widely used types such as the shell and tube type and parallel flow. The cross flow is most effective because of its design structure. The cold stream inlet enters the heat exchanger at the same side as the outlet port of the hot stream and exits at the same side as the hot stream inlet, where the temperature is greatest. This results in the cold outlet being a higher temperature than the hot outlet, thus providing increased efficiency. Early uses of crossflow heat exchangers in the automotive industry include Ford’s Kent engine, amply known as the Ford Crossflow engine. Introduced in 1967, this engine was redesigned from the original Kent engine to include a cross flow cylinder head (Wikipedia, 2020).
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              Figure 2 – 1.6 litre Ford Kent ‘Crossflow’ engine (Wikipedia, 2020)







[bookmark: _Toc38857716]Experimental Procedure

[bookmark: _Toc38857717]Experiment 1 – The Effect of Varying Water Flow Rate

Students were to connect and perform necessary checks on the heat exchanger connections before using. Then the heat exchanger should be connected for parallel flow and the temperature set to 60°C. Students should visually inspect the orifice and note its diameter, which is stamped upon the equipment as well as the ambient air pressure in the laboratory for use in future calculations. It should also be noted throughout that the inlet is at the bottom of the heat exchanger and the outlet at the top. Then, the fan situated on the apparatus should be turned on so that an orifice pressure drop of approximately 250Pa is observed. It should be noted that a tolerance of ±5Pa is allowed for this value. To achieve this, students should use the slide valve to set the airflow accordingly. Once complete, one should turn the pump on, and use the hand-operated water valve to set the flow to given values. It should be noted that students were unable to follow the assignment brief fully, as the apparatus would not reliably allow a flow rate of over 2l/min, hence beginning samples at 1.75l/min. A tolerance of ± 0.01l/min is allowed for fluid flow rate. A delay of approximately 5 minutes is to be followed before gathering data, giving the sensors time to settle and display more accurate readings. Once stabilized and consistent, students could begin to start recording temperatures of the air and water at inlet and outlet ports. Once data is collected, the procedure can be repeated for each mass flow rate until completed, observing a delay each time while the sensors stabilize. Student should stay vigilante and regularly visually examine the sensor readings as readings can change throughout the experiment and valves may need to be adjusted to stay within tolerance (Goodson, Assignment Brief, 2020).

[bookmark: _Toc38857718]Experiment 2 – The Effect of Varying Air Flow Rate

Much like the previous, one should consider all safety checks and connections before starting the next experiment. Set the fluid flow banks in a parallel configuration and set heater tank temperature to 60°C again. Take note of the ambient pressure of the room and examine the orifice and its diameter. Turn on he fan and use the slide valve to set the airflow to give a pressure drop of 250Pa, heeding the same tolerance. After turning the pump on, one should set its flow to 0.25l/m, within the same tolerance as before. Once the gauges have stabilized, record each temperature reading. Repeat process adjusting air flow rate to 200, 150, 100, and 50Pa each time (Goodson, Assignment Brief, 2020).

[bookmark: _Toc38857719]Experiment 3 – The Effect of Varying Temperature

Connect pipes securely and constructed for parallel flow. Tank temperature should be regulated at 45°C. Ensure all temperature sensors and connections are correct then proceed to note the ambient air pressure for the final time. Log the orifice diameter and follow the same guide from this point as in experiment 2. Repeat the sequence again for each pressure drop of 200Pa through 50Pa, adhering to the same tolerances as before (Goodson, Assignment Brief, 2020). 
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[bookmark: _Toc38857721]Excel Spreadsheet of Experiment 1
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[bookmark: _Toc38857722]Excel Spreadsheet of Experiment 2
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[bookmark: _Toc38857723]Excel Spreadsheet of Experiment 3
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Table 1 – A table of constants used throughout all excel formulae and calculations
[image: ]










[bookmark: _Toc38857724]Equations Used in Calculation

Conversion of Water Flow
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Mass Flow Rate of Air
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Temperature Efficiency, ƞ
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Density, ρ
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Specific Heat Capacity of Water, CpW
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Heat Transfer, Q
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Logarithmic Mean Temperature Difference (LMTD)
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Coefficient of Energy Balance, CEB
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Heat Transfer Coefficient, U
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(TecQuipment, 2020)
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Graph 1


Graph 2




Graph 3
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Graph 4

Graph 5



Graph 6
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Graphs of Experiment 3

Graph 7

Graph 8


Graph 9
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Examination of Results

[bookmark: _Toc38857729]Experiment 1

Graph 1 depicts the heat transfer occurring within the heat exchanger, as temperature and pressure remains constant at 60°C and 250Pa, respectively. Each Y axis represents the heat emitted by the hot stream and heat absorbed by the air, the secondary axis being that of the hot stream. The negative values displayed are because of the thermodynamic sign convention. If energy leaves the system, it is considered a negative value, and positive when entering the system (University of Wisconsin, 2020). It is clearly displayed that as the mass flow rate increases, so to does the heat transferred by the hot water as well as the power absorbed by the air, suggesting that the two are proportional. A higher mass flow rate means more opportunity for the fluids to mix and heat transfer to occur. Both lines follow a positive correlation, somewhat verifying the credibility of the results. 
Displayed in Graph 2 is the air, water, and average temperature efficiencies, again at constant pressure and temperature. The graph shows that as mass flow rate of water increases, the thermal efficiency of the water decreases, from approximately 29.2% to 14.2%. However, the thermal efficiency of air increases from 12.8% to 14.7%. At a water mass flow rate of approximately 0.028kg/s the two lines meet.
Graph 3 displays the overall heat transfer coefficient against the water mass flow rate. There does not seem to be much of a steady pattern to the results when looking at the graph, highlighting a possible anomalous result. The values are all between 148.5 W/m2K and 159.4W/m2K. The results convey that while thermal efficiencies have a clear relationship to the mass flow rate of water, the overall heat transfer coefficient does not.


[bookmark: _Toc38857730]Experiment 2

Graph 4 of experiment 2 shows similarities to that of graph 1. One can clearly see that as the mass flow rate of the air increases, so does the heat transfer that occurs in the heat exchanger. Like in Graph 1, the lines follow a very similar pattern. This is due to the fundamental concept of the conservation of energy, which states that energy can neither be created nor destroyed but only transferred and therefore transformed, meaning it remains constant throughout (National Aeronautics and Space Administration, 2020). It is clearly conveyed in the plot that as the energy leaves the hot stream, its is gained as power by the air.
In graph 5, the effect of increasing the air flow rate on the thermal efficiency is exhibited clearly. It shows the inverse pattern of that displayed in graph 2. As the air mass flow rate increases, the thermal efficiency of the water increases from 48.1% to 64.7% and the thermal efficiency of the air decreases from 15.4% to 8.7%. The average value shows a slight increase, possibly indicating that the thermal efficiency of the water is more affected by the increase in air flow. This is mainly due to the different molecular structures of both fluids, and the effect that it has on the fluid’s abilities to store energy efficiently. Air is less dense than water, so the atoms are further apart, thus hindering its ability to store energy in comparison to water.
Graph 6 shows how the overall heat transfer coefficient changes with air flow rate. In this plot, a positive correlation is clearly visible that as the flow rate increases, so too does the heat transfer coefficient. Unlike the data displayed previously in graph 3, the heat transfer coefficient increases in somewhat of a linear fashion, showing a possible proportionality between the two variables. As explained in the discussion about graph 1, the increased flow rate allows for more chance for the fluids to combine.


[bookmark: _Toc38857731]Experiment 3

Graphs 7, 8 and 9 help to confirm the findings of experiment 2, as each graph displays a very similar patterns to those of graphs 4, 5 and 6. Experiment 3 was carried out in the exact same manner as experiment 2, with the only difference being a temperature decrease of 25%, from 60°C to 45°C. This decrease in temperature is demonstrated in comparison to the graphs of experiment 2. The graphs of experiment 3 follow the same patterns, but at a slightly lower scale than those of experiment 2. For example, the minimum value for Qa in graph 7 is 134.1W, whereas in graph 8 the minimum value is 188.21, a decrease of approximately 28%. This information suggests that heat transfer occurs at a higher rate when the water temperature is higher.

[bookmark: _Toc38857732]Conclusion

In conclusion, one would determine that the experiment could be considered a success as clear relationships between variables has been accomplished and thermodynamic concepts of a cross flow heat exchanger have been conveyed. The variables mentioned include the water temperature, the mass flow rate of the water and the air pressure. When water flow rates are increased, heat transfer rates show a proportional increase. The same can be said for increasing the rate of air flow. The evidence gained from the experiment also points towards a relationship between the hot stream temperature and the heat transfer occurring. Conveying that as the temperature is increased, so is the amount of heat transfer.


[bookmark: _Toc38857733]Evaluation

In evaluation, I, the author, believe that the subsequent calculations completed after the lab sessions were successful in displaying relevant information. However, due to the recent Covid-19 crisis, I was unable to take part in the practical element of the experiment, which means that this report is completely hypothetical, although the initial data supplied was from an actual procedure carried out at the University of Wales Trinity Saint David. Given the opportunity, I would like to perform the experiment myself to help confirm the knowledge I have gained from completing the task. I believe the experiment could be improved further by using apparatus that allows the fluid flow rate to exceed 2l/min, so that the experiment guide could be followed more intently. In addition to this, it would be interesting to see how heat transfer is affected by a broader range of fluid temperatures, possibly at smaller increments. As the only change made in the experiment was from 60°C to 45°C, it is impossible to gauge whether the relationship between the two is proportional, exponential or anything else. If repeated, the Microsoft Excel workbook could be reutilised to hypothesise more data over a broader range. Seemingly anomalous results within the experiment could be compared to data gained from the repeat, and therefore discounted.
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Heat Emitted By the Heat Exchanger and Absorbed Into the Atmosphere against Mass Flow Rate (250Pa, 60 °C)

Q̇a	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	596.14997622819374	584.63704607495606	561.8965938348415	538.96203898443946	504.68591203156348	Q̇w	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	-721.79244046068618	-729.03926705585616	-667.68168720170229	-647.40725100181533	-612.27800899853969	Water Mass Flow Rate (kg/s)


Heat Transfer (W)


Heat Transfer (W)




Temperature Efficiencies of Water, Air and Average against Mass Flow Rate (250Pa, 60 °C)


ƞw	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	ƞa	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	ƞ avg	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, ƞ (%)




Overall Heat Transfer Coefficient against Mass Flow Rate (0.25l/min, 60 °C)

Heat Transfer Coefficient	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	154.88820138434289	159.39213312603368	149.19623618488876	149.88126468874404	148.57894565514911	Water Mass Flow Rate (kg/s)


Heat Transfer Coefficient, U (W/(m2K)



Heat Emitted By the Heat Exchanger and Absorbed Into the Atmosphere against Mass Flow Rate (0.25l/min, 60 °C)

Q̇a	0.1143779530392736	0.10226010911022994	8.8530342168351928E-2	7.224261349635562E-2	5.0998456371747755E-2	3.6019564815549951E-2	321.85955985251599	318.59136993292151	293.61087980133919	275.8945409425819	225.51517407586849	188.23824572606404	Q̇w	0.1143779530392736	0.10226010911022994	8.8530342168351928E-2	7.224261349635562E-2	5.0998456371747755E-2	3.6019564815549951E-2	-416.2206336042841	-397.78330389518567	-394.63988807833277	-375.53533012321475	-338.89287076487932	-327.69707434414715	Air Mass Flow Rate (kg/s)


Heat Transfer (W)


Heat Transfer (W)




Temperature Efficiencies of Water, Air and Average against Mass Flow Rate (0.25l/min, 60 °C)


ƞw	0.1143779530392736	0.10226010911022994	8.8530342168351928E-2	7.224261349635562E-2	5.0998456371747755E-2	3.6019564815549951E-2	64.705882352941174	60.486322188449847	58.982035928143702	55.654761904761905	50.299401197604801	48.071216617210681	ƞa	0.1143779530392736	0.10226010911022994	8.8530342168351928E-2	7.224261349635562E-2	5.0998456371747755E-2	3.6019564815549951E-2	8.6687306501548012	9.4224924012158091	9.8802395209580869	11.309523809523801	13.173652694610771	15.43026706231454	ƞ avg	0.1143779530392736	0.10226010911022994	8.8530342168351928E-2	7.224261349635562E-2	5.0998456371747755E-2	3.6019564815549951E-2	36.687306501547987	34.954407294832826	34.431137724550894	33.482142857142854	31.736526946107787	31.750741839762611	Air Mass Flow Rate (kg/s)


Teamperature Efficiency, ƞ (%)




Overall Heat Transfer Coefficient against Mass Flow Rate (0.25l/min, 60 °C)

Heat Transfer Coefficient	0.1143779530392736	0.10226010911022994	8.8530342168351928E-2	7.224261349635562E-2	5.0998456371747755E-2	3.6019564815549951E-2	149.16528730895755	133.31278838138661	128.49420283712618	118.65234087723324	103.33330420737683	99.06224558701031	Air Mass Flow Rate (kg/s)


Heat Transfer Coefficient, U (W/(m2K)



Heat Emitted By the Heat Exchanger and Absorbed Into the Atmosphere against Mass Flow Rate (0.25l/min, 45 °C)

Q̇a	0.11447348295907475	0.10236253996306585	8.8626358085128476E-2	7.233293561560164E-2	5.1091743723361414E-2	3.6076314444959137E-2	253.1008708225142	236.6110111246268	213.76677570132975	196.27542079293525	164.31104781433027	134.14977526358066	Q̇w	0.11447348295907475	0.10236253996306585	8.8626358085128476E-2	7.233293561560164E-2	5.1091743723361414E-2	3.6076314444959137E-2	-287.6787113932441	-274.02268078999464	-258.28324228845997	-262.85472493089833	-230.19058429001541	-211.04284466650265	Air Mass Flow Rate (kg/s)


Heat Transfer (W)


Heat Transfer (W)




Temperature Efficiencies of Water, Air and Average against Mass Flow Rate (0.25l/min, 45 °C)


ƞw	0.11447348295907475	0.10236253996306585	8.8626358085128476E-2	7.233293561560164E-2	5.1091743723361414E-2	3.6076314444959137E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	ƞa	0.11447348295907475	0.10236253996306585	8.8626358085128476E-2	7.233293561560164E-2	5.1091743723361414E-2	3.6076314444959137E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	ƞ avg	0.11447348295907475	0.10236253996306585	8.8626358085128476E-2	7.233293561560164E-2	5.1091743723361414E-2	3.6076314444959137E-2	35.504201680672267	34.82905982905983	34.21052631578948	34.110169491525426	31.97424892703863	31.304347826086953	Air Mass Flow Rate (kg/s)


Teamperature Efficiency, ƞ (%)




Overall Heat Transfer Coefficient against Mass Flow Rate (0.25l/min, 45 °C)

Heat Transfer Coefficient	0.11447348295907475	0.10236253996306585	8.8626358085128476E-2	7.233293561560164E-2	5.1091743723361414E-2	3.6076314444959137E-2	135.27944058630663	128.68895522187282	122.49341740987761	120.12607966204897	101.1645539393443	92.537442208366713	Air Mass Flow Rate (kg/s)


Heat Transfer Coefficient, U (W/(m2K)
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